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PREFACE. 


Thb details of engineering practice are becoming daily more and more 
diversified, and although many branches of the profession are almost wholly 
pursued by specialists, the Engineer has constantly to enlarge his sphere of 
knowledge to keep pace with the requirements of the age. 

At the present time, science and its applications seem to go onward almost 
together. No sooner is a new fact announced than it is made available for some 
useful purpose ; and never was there an age so fertile in discoveries as that in 
which we live. They may be thought to be of a minor kind ; and we cannot 
perhaps hope that any discovery yet remains to be made of such importance 
and vital interest, as to work out a revolution in our industrial relations 
equivalent to that eflfccted by the steam engine. We must expect rather to 
go on eking out and completing the fabric of our knowledge by the acquisition 
of absent details, and by arranging and harmonizing its parts, strengthening 
evidence and cancelling error, thus rendering the elements more and more 
intelligible, serviceable, and of readier access to the practical man. 

To aid in some measure the Engineer’s professional labours, was the object of’ 
Spons’ ‘ Dictionary of Engineering,’ and the success which has attended its 
publication has been a gratifying proof of its appreciation by those for whose use 
it was intended. 

As the book has now been some years before the public without addition or 
revision, there are many subjects of importance which, of necessity, are either 
not included in its pages, or have been treated less fully than their present 
importance demands. With the object, therefore, of remedying these omissions, 
this Supplement has been prepared. Each subject has been treated in a com- 
prehensive way, but of course without repeating the information already included 
in the body of the work. 

Such articles as those upon Air (lompressors ; Belting; Blasting; Brakes; 
Bridges ; Chimneys ; Electrical Engineering ; Explosives ; Gearing ; Iron ; 
Lights, Buoys, and Beacons ; Machine Tools ; Mining Machinery ; Railway 
Bolling Stock ; Bock Drills ; Sanitary Engineering ; Shafting, and the like, 
are treatises that may bo sought for in vain in the technical text-books. 

It is a pleasing task to render thanks to those whose labours have so 
materially aided in the compilation of this Supplement. Their names are all 
dtily recorded on the following page. 


liil, BisHorsGATE Street Within, 
London^ May 1881 . 


ERNEST SPON. 
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Original length .. 46*9 mm. 

Final length 4G’85 ,, 

Set per cent of maximum comproasion . . 0*29 

I jength after 3 mm. oxtension . . . . . . . . 46*82 mm. 

Moan compression a kilogramme 0*97 „ 



Load Kilos. 

Compression 

Millimetres. 

Compresalon 
a Kilo. 

Difference frook Mean. 

1 

Dlflrerence from Finul. 


Absolute. 

Per Cent. 

Absolute. 1 

t Per Cent. 


I . 

JI . 

III . 

IV . 

V . 

VI . 

1 VJI. 



1*5 

1*53 

1*02 

-f *05 

5*2 

+ 07 1 

1 7*4 



4*5 

4*38 

0*97 

*00 

0*0 

+ *02 ■ 

2*1 



9*0 

8*60 

0*96 

-01 

1*0 

4- *01 . 

1*1 



13*5 

12*90 

0*96 

-*01 

1*0 

+ 01 

1*1 



18*0 

17*11 

1 

0*95 

-02 

2*0 

*00 

0*0 


Table V. — Spuing C,. 


Original length 46*25 nim. 

Final length 46*19 „ 

Set |Kn* cent, of maximum coinpresfaion .. .. 0*45 

Length after 3 mm. extension 46*22 mm. 

Mean compression a kilogramme .. 0*85 ,, 



I. 

u. 

111. 

IV . 

V. 

V,. ' 

VII. 1 


1*5 

1-49 

0-99 

+ 14 

17*6 

i +-22 

28*6 1 


4*5 

3*91 

0*87 < 

+ •02 

2*4 

+ •10 

13*0 1 


9*0 

7*33 

' 0*81 

1 -04 

4*7 

+ *04 

5*2 i 


1 18*5 

10*62 

i 0*79 

— 06 

7*0 

+ 02 

2*6 ! 


17*5 

13*43 

0*77 

— 08 

9*4 

*00 

0*0 


Table VI. — Spuing Cj. 

Original length 

Final length 

Set per cent, of maximum compression 

lA.*ngth after 4 mm. extension 

Mean compression a kilogramme 


4.3*42 mm. 
43 .36 „ 

0*42 

43*39 mm. 
1*64 ,, 


1 . 

11. 

HI. 

IV. 

V. 

VI. 

VII. j 

0*75 

■■ 

■Hi 

+ 11 

6*7 

1 +-19 

12*2 I 

3*00 I 




0*0 


5*1 





1*2 


3*8 

9-00 

Ih 

Wm 

-*08 

4*9 


0*0 


Table VII. — Spring D,, 


Original length 37*25 mm. 

Final length 37*13 „ 

Set |>er cent, of maximum compression .. .. 0*75 

lA'iigth after 2 mm, extension 37*23 mm. 

Mean compression a kilogr!<muno 0*53 


1. 

II. 

HI. 

IV. 1 

V. 

VI. 

vir. ! 

1*5 

0*87 

0*58 

+ •05 

9*4 

+ •07 

13-7 ! 

4*5 

2-57 

0-57 

+ •04 

7*6 

+ •06 

U*8 i 

0*0 

4*97 

0-55 

+ 02 

3*8 

+ 04 

7*8 

13-6 

7*14 

0*53 

•00 

0*0 

+ •02 

3*9 

180 

9*35 

0*52 

-•01 

1*9 

+ 01 

1*9 

22-5 

11*49 

0*51 

-•02 

3*8 

MK) 

0-0 

27-0 

13*68 

0*51 

-02 

3*8 

*00 

00 

81-5 

16*04 

0*51 

-02 

3*8 

•00 

0 0 


8 D 
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Tadls VIII. — Sprikq Dj. 


Orignlnal length 88’85 mra. 

Final lougth 88*84,, 

Sot per cent, of maximum compression .. .. 0*0(; 

Length after 4 lum. extension 38*80 mm. 

Mean compression a kilogramme 1*50 „ 


Load Kilos. 

1 

Compression 
j Millimetres. 

Compression 
a Kilo. 

DifTerenoc from Mean. 

Difference from Final. 

Absolute. 

Per Cent. 

Absolute. 

Per Cent. 

I . 

! 

IIL 

IV. 

V. 

VI . 

VII . 

0*75 

! 0*93 

1*32 

— *18 

12*0 

-•25 

15-9 

3*00 

1 4*49 

1*50 

•00 

0*0 

-07 

4*5 

fi *00 

1 9*34 

1 * 5 C 

+ *00 1 

4*0 

-•01 

0*0 

3*00 

, 14*15 

1*57 

4 - *07 1 

4*0 

•00 

0*0 


Taiile IX.— Spring K. 


Original length 4,8-02 ram. 

Final length 42 *04 „ 

Set |>er cent, of maximum compression .. .. 2*2 

liongth after 3 mm. extension 42* ,’^2 mm. 

Mean compression a kilogramme 0*08 „ 


i 

11. 

j 111. 

IV. 

. V. 

i VJ . i 

VJI . 



1-5 1 

1*53 i 

1*02 

- f -*04 ' 

4*1 

1 - f * * 00 ! 

0*2 



4-5 1 

4-40 j 

0*98 

•00 

0*0 

+ - 0 i , 

2*1 



9*0 1 

: 8*74 1 

0 97 

; -*01 

1*0 

! +'<'l 1 

1*0 



13-5 

13*20 j 

0*98 

: *00 , 

0*0 

; 4 - 02 

2 1 



ISO 

17*31 1 

0*00 

i -*02 ; 

2*0 

j -00 

0 0 



In Tahl<‘H II. to IX. the final length is the di.stance between 1 lie marks after all the wi iglits have 
been removed, and the difference betweim that and the original length, is the set \vhi<‘h the spring 
took in the operation. Column I. of the Table gives the total load in kilogrammes, in<*luding tht‘ pin 
and scale, put on the spring, and Column 11. gives tl:e comprosion caused by that load, (.'oiumn 
III. i.s the compri ssion a kilogramme. TIhj moiui comjm'Ssi ai a kiloi^ramrm; slated ah<»Y’e each 
table is obtained by plotting tlie figures of Columns I. and III., greatly exaggerating the com- 
pressions, and measuring the area thus obtaineil with a planimeter. In llenidt’s Tabh^s tho 
arithinelical mean of Column III. is taken us a sufficiently near approximation. In the majority of 
oases the two first places of dt^cimals agree; in none is the difference considerable. 

Column IV. gives the difference between the compression a kilo, at each load and the mean 
compression a kilo, for all the loads obtained as abewe, and Column V. gives the value of this 
differemx' as a percentage of the mean compression a kilo. Column VI. gives .similarly the differ- 
cnco between the comi)re8.>ion a kilo, at each load and thiit at the mnxirniiTn load. Column Vlt. 
giving this tlifference as a fMirceiiUtge of the compression a kilo, at tho miiximnin load. 

None of the springs returned completely to their original comlition after removal of the loa<l. 
In one cast*, I)„ the set was as little as 0*0t> per cent, of the maximum eompre.ssioii of the spring; 
in one, K. as nint h as 2*2 ])t r eent. of the same quantity. In the mean, however, it is only 0*<J4 per 
c^nt. The nii an absoliit<} value of the set is about a tenth of a millimetre, and it h effect on an 
intlicator card, allowing for the increased stroke as in Table I., \v<»ultl be very neaily y^th of an 
inch. With the well-used spring E the set would appear ou the scale of the diagram us nlx)ut 
of an inch. 

The conclusions as to the elaslicity of the springs which can be drawn from their behaviour 
under grmlually increasing loads are, however, much more imiKii tant tlinn thesis. In no case tioes 
the resistance of the spring to equal increments of pressure remain even approximately constant 
throughout its range. In every instance except one, the spring 1)«, as will bo seen by an 
examination of Column III., the resistance to compression is, as might bo sup|W)«c<l, less at small 
than at large pressures, 'i’be mean resistance is equal to tho actual resistance at a iioiut which 
vari* s from a fourth to a third of the maxiininn pressure, so that tho comiircssion is more uniform 
at higher than at lower pressures. Tho eight springs tested, tho average condition of which 
seems certainly to have lieen liotter than the condition of the springs which we commonly use in 
practice, show the following n suits; — ^ 
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Tablb X. — AvEnAOES. 

Pt r Cent. 


Average variation of compression a kilo, at -^jth of maKitnum pressure from mean 

compression a kilo 7*7 

Average variation of compression a kilo, at Jth of maximum pressure from mean 

compression a kilo., about 1*6 

Average variation of compression a kilo, at maximum pressure from mean ooin- 

pression a kilo 4*2 

Average variation of compression a kilo, at ^.^th of maximum pressure from com- 
pression a kilo ut maximum pressure 13*1 

Average variation of compression a kilo, at Jth of maximum pressure from com- 
pression a kilo, at maximum pressure, about 6'5 

Average variation of compression a kilo, at J of maximum pressure from com- 
pression a kilo, at maximum pressure, about 2*8 


If therefore, the indications of those springs were read on a scale corresponding to their mean 
compression a kilo., tlioro would be* a pmijablo error of over 4 per cent, at full pressures, and of 
nearly 8 i>(*r cent, at very low jin ssure.^, and special exiH^riment would bo required to show whether 
the error was + or — , as is shown by the behaviour of the spring Dj, 'I'ablo VIII. If a scale 
wore utkd, on the other hand, cr»rre8ponding to the final compression a kilo., rather than to 
the mean, the probable error at full X)re8sure8 w'ould be very small, the mean error at half- 

i )re88iire being only 2*8 per cent., and diminishing raphlly from that point to the maximum. At 
ow pressures the error of such a scale would be much greater than that of the other, as Table X. 
shows. 

It must bo borne in mind that the errors so far oonsidere<l, are of quantities which corre.s|)ond only 
to the ordinatc»8 ami not to the areas of indicator card.s. If wo suppose, for example, that we could 
obtain an indicator diagram with onlinatc.8 coi responding to the measured c<jmpressions of C 2 , 
Table VI., then if there were no expansion, and the back pressure line coincided with that of the 
atraoAplu<rc, so that the diagram was simply a rectangle, the error of area would bo exactly the 
same as the error of height, or 4 '9 per Ci Ut. if measured with the mean compression scale, an<l 
0*0 per cent, if mcusuri'd with the final compression scale. But if tliere were expansion, so that 
the upi>er line of the card varied in heigld, each pressure would have its own error, uml the area of 
the whole fignrci woulil have an error somewhere betw’een that of the greatest and that of the least 
f»rdinate. It is quite conceivable that the prose^uro might fall far enough, and the shape of the 
diagram be such, that the errors of excess in one part t»f the card exactly balanced those of defect 
in the other. The mean pressure and the liorse-power dtduce<l from such a card might, therefore, 
be exactly right if mea.sured by a mean conijjressiou scale, while the actual measured pressures 
might be very far wiong at all |K>iut8 of the strokes except one. 

In the second scries of exjioriments undertaken by Berndt, tlio B[)ring9 wire heated by a jet of 
steam of a little over atmospheric pressure until a thermometer placed in the spring indicated 90*^ C., 
194*^ F. In other respects they were the tame ns the experiments already described, with the 
addition of springs F and G. 

I’ho results are summarized in Table XL The h ngth of the spring is first recorded, both cold 
and hot. These lengths do not in nil cases correspond with the lengths given in the former Tables, 
ns it was found necessary to n^-mark some of the springs. The third lino of Table XI. gives the 
length under the maximum load, the maximum compression being the difterence between the 
mean loads aj>piicd. The fourth and fifth lines of the same Table record the effect on some of 
the springs, of removing and reapplying the maximum load two or three times, and also of setting 
the spring gently in vibration, while the maximum load was resting on it. The sixth and seventh 
lines show the final length of the spring, still kept hot, when the weights were removed, after it 
had beim a little stretched by hand in the way formerly mentioned. The eighth line shows, lastly, 
the observotl hmgths of the springs after they had boeome cold. 

IxRtking ev<*n at the springs least used, and otherwise in the best condition — os B, for instance — 
the set is quite appreciable. In the case of Gi and Dj the maximum load was removed and reapplied, 
without shook, two or three times, and in both instances the compression was very notably increased 
thereby. Tim springs C*, C,. D„ and E w*ere set in vibration very carefully, when under their maxi- 
mum load, and always, it will ho seen, with the same result, the increased compression being vt'ry 
marked in every case. With some of the springs the same operation was also carried on at smtiller 
loads, and always with a perceptible increase of compression, the alteration being natunUly, how- 
ever, less marked with the smaller pressures. 

The first port of Table XIL will enable a comparison to be made between the compression of the 
springs cold and hot. The mean compression a kilogmmmo is distinctly, but not very greatly, 
different in the two cases, the hot springs having sometimes a greater and sometimes a loss mean 
oompression. The beljaviour of the heated springs under load was exceedingly irregular. The 
greatest compression a kilogramme was at the least load in A,, A„ B|, C|, and and at or near the 
greatest load in D,, D,, and E, while in most of the springs the changes in compression at medium 
loads seemed to follow no law whatever. 

The results of Berndt s exponmonts, up to this point, cannot be applied directly to the springs 
when workii»g in the in<Hcator cylinders. Their value lies in giving some id*3a of how far sucli springs 
es have been ordinarily used in practice, are really in themselves elastic, and how far their elasticity 
ia impaired by use. 


3 p 2 
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Table XI. 


Lengths given in Millimetres* 


Aa. 


Springs. 

D,. 


Da. K. 


1. Oritrinal length, cold j45-3l!47-24'l6-87'46-2543 30!:i7-20'38-88;41*15| 

2. „ hot l45-3«]47-29,4C-8746-3043-41j37-2038-93i41-26|4D- 

3. Length under maximum load,'^ 


7447-58 


4. Length after several removals j I 

and reapplications of maximum > 
load, hot I 

5. Length after being several times j 

set in vibration under maximum > 
load, hot .. I! 

6. Final length after a few milli-V^.gJ 

metres extension, hot . . . . / j 

7. Final length after such extension t! 

rojieated twenty times, hot 

8. Final length, cold 145 *24; 


1C -79 


82-37j .. 

32 0128-2CI 


45-91 43-38 
47 •1746-74 45 -93 .. 


20-241 


i24 13i 


3C-32i 


23 -5G! 


( 

:1G*35 

i 


38-7741-01: 


The experiments show the compression cif the springs with ccTtain loads placed directly upon 
them, and ihe relation between ttie eompressiojis ami ttie loads. We know the diameter of I bo 
indicator cylinder in each ease, and the ratio in wliieh the colni)^e^sion of ihe spring is increased by 
the pandlel motion ; these were all carefully imasured, and the results have already been given in 
Table T. Wo are, tberekirc, able to talculate the scale of the diiigram tor each H{>iing in its own 
indicator, neglecting piston friction, leakage, ami the likt‘. The 4 ue.-tion arises, how dofs this scale 
agree with the scales provided by the mukersfor the spring, and llu-rethre, univt-rsally used with it? 
For the sake of more easy comparison, w'e have reduet‘d all the .-'cales to pouiid.s per inch, lik«' those 
we are in the habit of using. Under the double line in Tahir XII. tlie.M- scales are given Isdh for 
the mean and the liual coin[»r(‘H.siv»us of the springs, and for both eoM and hot <“Xperiin( nt.s. Iteneath 
the.se is given the scale supplii-d hy the maktr.-* for each .spring, ami at the hott(*ni of the Talde the 
percentage of ditTereiict- briwoi n the actual scah-.s for the free .-j>riiig.'<‘ am! tiu* scale commonly used 
for the ^aIue .springs in the indicator. A.s an illustration of the meaning of the tigun s. If we took 
spring C 2 coM, and put its maximum load. 9 kilogramme.**, ujiou it, we should liml it to he enm- 
pres.scd 14*01 mm., or l-5»i mm. a kilogramme. Calculating fiom the <limen-ions of indicator 
given in Table VI., we timl lliat tliis coiiH spfuids to a diagram scale of I9-(l lb. an inch, that is, that 
the pencil would move through 1 in. for (-very 19 -G Ib. presssure u stjuarc inch in the cylinder. 

Table XII. 


Compression*! given in .MUiiraoircs. 


Mean compression a kilogramme, spring.s cold 

„ hot 


Final compression a kilogramme, springs cold 
„ ,* bot 


I A,. ! 

1 

A;>. 1 

It. j C,. 

<v i 

Di. 

! I>2. i 

K. 

I'. 

j 0. 

■ 0-89 

1-79 

0-97 0-85 

l-Gl' 

o-5:{ 

1-50 

0-98 

1 


0-90 

l-7h, 

1-00 0-K4| 

1 1G7 

0 51 

1-59 

0-98 


- 

; + l-l i 

— 0-G 14-3*0 '—1-2 

1 1 

:4-i-«j 

-3-8 

4-6 0 J 

0-0 1 

j 

— 

! 0-8l! 

1-73' 

0-95 0 - 77 ; 

1-5G 

0-51 

1-57 

0-9G 

i 


, 0-8.‘) 

1-7.51 

0-99 0-78 

1-GG 

0-54 

1-GO 

0-9G 

1-22 

1-1 

+ 1-2 

+ 1-2 .+41 +1-3 

+(!-4 +.5-9 

4-1-9 , 

00 : 

— 



Beale for imlicator] 

1 Mean compression cold . . : 

39-1 1 

19-4 • 

29-1 

30 -0 : 

IH-G 

G8-9 

24-3 

3t) * 4 



cards, pounds an! 

' V „ lud .. 

38- G 

19-5 : 

28 2 

1 3G-4 : 

18-3 : 

71 -G , 

2-2 -9 

35-4 

i 


inch, crirrespond- j 

'Final „ cold.. 

41-4 

20 -0 . 

29-7 

! 39-7 1 

19- C 

71 -G 

23 2 

3G-2 

J 

- 

ingto: J 

1 „ „ hot .. 

40-9 : 

i 

19-8 . 

i i 

28-5 

j 39-2 1 

18-4 i 

G7-G i 

, 22-8 

,30-2 

i 

2-2-7 

23*7 

Scale supplied with spring, lb. an inch 

44-20 22-13 

1 1 

30-0 

1 45-1 

I 

20-7 


22-13 44-28 

1 

1 

24-0 

t 

24-0 

Difference between^ 

1 Mean compression cold . . 

1 

13-2 

i ! 

1 14*1 

3-1 

1 

1 25-3 i 

11-3 

.. 

-8-9 

1 1 

25 -0 i 

_ i 


scale supplied, in 
per cent, of thei 
former : j 

1 „ „ hot , , 

/Finol compression cold . . 

14-G 

C-9 

13-5 j 
10-G 

C-4 

1-0 

! 23-9 ’ 
1 13-6 

1 12-9 

1 


—0-3 

-4-7 

,25-0 i 
22 *8 

— 

— 

1 ft tt hot .* 

8-2 

! 1 

11-8 

1 5-2 

15-1 ‘ 

1 12-5 

1 

•• 

-0-3 

22-3 

i 

5-7 

1 


The apparatus used in the experiments upon the springs in their indicators is shown in Figs 
1505 and 350G. The boiler was below ground, so that the piTM> from it tu the apparatus could slope 
always upwards. This pipe is seen at the rigid of Fig. 1505. It communicates through a stop 



INDICATOR 


778 


valve g, with a oonple of oant-iron tubes a a of 40 mm. internal diameter, bolted together and sup- 
ported horizontally on trestles. On tnese tubes are a number of branches, one of which is shown 
in section on a larger soile in Fig. 1506. Those marked h 6, which are about 16 in. apart, were 
us(‘d for the Bichards indicators, the indicator cook being s(Towed into the hole in the cap shown 
in Fig. 1506. Tlie branch c is for the connection to the mercury gauge, and the branches d d were 



branch c and tlic cock served to clear tlie tube of water if necosaiiry. The syplion mercury gauge 
was used f<»r doterniiiiing the steam pressure. 

The cx,»erime]iffl were conducted by tliree observers, one at the indicator and two reading the 
mercury gauges (In conimnnication being made with the boiler, the ca>ck Fig. 1505, was left 
open until only pure steam isrtin d from it before the experiments began. The resulings of the gauge 
were made always on a signal b dng givcm by the observer at the indicator. The observations made 
were in essential pidiits as follows; their order was of course varitjd in different easels, and the 
whole of observations W(‘re not ma<l(' with every one of the springs. In the first place a 

lioriz«»ulal line was <lrawn on the card by a pin fixed for tin* pnrposo to the frame of the indh'ator. 
Tins lim* s(‘rvc<l us an axis from which the various ordinat<‘s could he imxisured; it was repeatedly 
che<*ke«l, to make sure tliiit the paper had iioi shifted t>ii the drum. IJeforethe admission of steam, 
and while the in.^trument was still e<d<l. an utnio>plierio lint* was drawn. The piston rod was then 
gcmtly raised i»y hiitul, ami then h fi. free to take up its own position, which seldom coincided 
fxa(‘tlv with the former position. The spring was next depressed by hand in the same way, and 
again l(?ft free, and again in nioht cas<‘s it did md return quite to its former position. This raising 
and d< pression by hand were generally repeated once or twice. Stmin was then admitted to the 
ap|>aratns, ami when the indicator eylimler hud hocome fairly Heated the same experiments were 
rejajaled. Tin‘sc t’xpt'riments may ho called deflection exi>erimouts. The height of the mean 
atmospheric line, which will he ufierwards referred to as that from wliich pressure ordinates were 
measured, was takoji aa the uritbmcticul mean of the observed heights, after upward and downward 
deflection. 

Hteain was next admitted to the cylinder, and after a few seconds’ pause, so as to allow the 
spring to take up its full compression, the iwncil was brought to the paper, and a first pressure line 
marked by moving the latter over it. The pencil w^as tlien 
raised and depressed as before, a fresh lino bting marked 
each time, and the height of the mean pressure line was 
taktm as the arithmetical mean of the lieights of all these 
deth ction lines. 

The distance between the mean pressure line for any pres- 
sure, and the mean ntiuospherie line, was taken as the mean 
ordiimte for that pressure, corresponding lo the particular 
spring and indicator uw^iJ in the experiments. 

In taking an indicator diagram no tune is allowed for the 
spring to take its full compre.Hsion against the frictional 
rosistanee in the cylinder, and against what may perhaps 
be calleMl the imflecular inertia in the spring ; it tlierefore 
appe 4 irod necessary to make some experiments with condi- 
tions more exactly representing those under which an indi- 
cator card is taken in i>ractice. To do this tlie indicator 
cock was opened and cli>MHl quickly sevcml tiniee in succes- 
sion, while the drum cord was pulled by hand, the pencil, 
therefore, tracing on the pajicr diagrams Fig. 1507, resem- 
bling the admission portion of common cards, and produced 
under identical conilitions, at least so far as the motion of 
the indicator pencil was coneornod. Ik'fore allowing the [xjiieil to leave the paper, it was in 
matiy instancos allowed to trace a final pressure line along the whole card, the indicator cook 
standing open. An atmospheric lino was drawn on each card both before and after the diegn\m 
was drawn, in tlio one case with a pencil jjreviously at rest, in the other, of course, with a pencil 
which had just been in motion, downwards, os the pressure was teimived. 

While the admission line of an indicator diagram is lieing traced, the momentum of the moving 
parts tends to ini^rease the height of the pencil, the friction in the cylinder tends to diminish it. 
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but durinpc the tracing of the expansion curve the lattor action is reversed. The resistanoe and 
the imperfect elasticity of the spring still tend to hinder motion, but the motion hindered is down- 
ward instead of upward, so that the Ijoight of the pencil is at each instaut greater than it would be 
were the action of tho apparatus i>erfoct. Just at the out-off the pressure begins to fall before the 
pencil does, the latter will only move wljeii the difference between tlie steam pressure and the 
downward thrust of the spring lias become equal to the resistances due to the causes just mentioned. 
That some action of this kind must take place is obvious enough, but whether or not to an injurious 
extent could onlv bo determined by experiment. For this purpose the pii>e «, Fig. 1505, was loft 
for some time in* free communication with the boiler, all the indicator cocks being at the same time 
open. Tho steam pressure in tlio boiler was gradually lowered, and tho indicator pistons allowed 
simply to follow it. The pencil was not left in contact with the paper, but at intervals a short 
pressure line was marked. 

The nature of tho diagram experiments may perhaps bo made clearer by Fig. 1507. The results 
of tho other experiments hardly need illustration. Fig. 1507 is a copy of one of tho diagrams taken 
with spring K. In tlie figure, a is the fixed horixontal, 6 the first atmospheiio line, and c c c the 
diagram. It will bo seen tliat the cock was opened and closed quickly three times in succession, 
andtlien allowed to remain open while tho irnpcr returned, the jiencil then tracing tho final pressure 
lino d. Couununication being again opeiiea with the atmosphere tho final atmos])horic line e was 
drawn. 

In Table XIII. the first ooliimn gives the reference numlicr of the springs, and tho sooond the 
diagram scales supplied with tliem, in pounds a sq. in. an inch. The latter are repeated here for 
the sake of convenience. No scale was supplied tor D,. Column 3 gives the approximate steam 
pressure at which the ex|»criinents were ina*lc. It is lu^Ci'ssary that this l>e known in each 
case, because the error of the springs differs at different pressures. Columns 4 to 11 of Table Xlll. 

Table XIII. 


.Spring. 

Scale snpplied with 
Spring. 

11 

Z « o 
g g c 

Diagram Scales in lb. a sq. in. an Inch, dcdticf'd from 

First Pressure 
Ltuea. 

Mean 

of 

I >elU‘c*t«on 
KxptTi- 
luents. 

MovSnq Pn^ssure 
Lines. 

Fi 

(\>ld. 

cc Spiings 

hot. 

liot. 

lb. a 
sq. in. 

I. 

11. 

II. 

I. 

11. 

I. 

1. 

11. 

1. 

2 

3. 

4. 

6. 

6. 

7. 

K 

9. 

11). 

J). 

A, 

44 3 

Cl 

41 1 

42-3 

41 1 

420 

42*8 

40 4 

39*5 

40*5 

A„ 

22- 1 

2.5 

22 *5 



22*9 

. . 




B' 

30-0 

60 

29 -5* 

28*6 

2sr> 

29-5* 

28-9 

29*4 

28-5 

28-0 

B 

30*0 

40 


2!)- 1 

29*0 

, . 

29-4 

29-4 

28-7 

2S*C 

c, 

45*1 

64 

46 '2t 

46, 3 

42*5 

39 *21 

4f;*4 


38*7 

38*7 

c, 

451 

42 

. . 

420 

38*0 

.. 

42*6 

1 37-7 

37-7 

37*4 



64 


68*2 

67*7 


68*3 

69*0 

71 -6 

70*2 


, , 

41 

TO*.! 



82*5 

• • 

66*0 

70 0 

68*8 


2*2*1 

2G 

25*8 



26*2 





E 

44*3 

60 


.36*8 

31*8 

i 

36*9 

3.5 *-5 

35 8 

33*5 

E 

44*3 

43 

38- 1 

373 

35*3 

38*4 ‘ 

37*9 

35*7 

35*1 

34*5 

F 

24*0 

; 60 

23 -6 



24*3 ‘ 



22*7 


G 

24-0 

59 

23*9 


• • 

23-9 i 


•• 

23-7 

•• 


* At a pressure of 69 lb. a 8<i. in. t At a prefasurc of &» lb. a sq. in 


give, in a form comparable with the figures of column 2, the diagram s^^alcs corresponding to tho 
diticrent lines drawn. Tho numerals 1., II , in Koiuan ty|)e, refer tf» the first and second series of 
experiments resfK^ctively. The scales detiuced from the’ first pressure lines are gi>en in crduinns 
4 and f>, from the arithmeti<*nl means of tho upward and downward defleetirms in column II., and 
from the moving pressure lines in columns 7 and 8. These different lines f«ir one experiment witli 
one spring were illustrated in Fig. 1507. Tho scales for the free springs, that is the springs out of 
tlieir indicators, at or near the pressures of column 3, are given in columns 9, 10, and 11, so that 
some estimate may be made of the total effect of piston friction on the siirings. 

Comparing columns 4 to 1 1 among tlicmselvt s we find very large Uiscreiianeies in tho oases of 

and Dj, discrefiancies so large as to make the differe?ice.s in the other cases appear almost trifling, 
al l hough in some instances they are not inconsiderable. If wo compare these coluiiina, however, 
with column 3, we find that in A„ C,, I)*, and E there are very notable differences, Uio scale 
sujiplied only representing in the roughest way the real compression of the spring. 

Taljlc XIV. contains a summary of results. The first column gives the reference letter for the 
spring, and the second tlie condition as to the boiler pressures rising or falling, uruier which tho <?x- 
pei imeiits were carried on. In the third o<olumn are noted the approximates maximum and ininiiiium 
pi^uren, anti the fourth gives the numl>er of readings taken as the pressure changed from one to the 
other. The results of the experiments are given in the two last columns. Column 5 gives the average 
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error of the readings in pounds a sq. in^ as compared with the scale supplied with the instrument, 
and column 6 the average difference between the rising and falling reading for any pressure between 
those given in column 8. With the exception of the rising pressures of spring 0„ the errors given 
in oolumn 5 are all positive, that is, errors of excess, but in all cases the excess is much greater for 
falling than for rising pressures. Had the quantities in column 5 been compared, however, with 
the scale of the free spring, the rising and falling errors would in all cases, except D^, have been of 
emposite signs, the reading on the scale supplied being always in excess of the true reading, as 
Table Xlll. shows for the springs treated in 'rable XIV. The importance of the differences shown 
in oolumn 6 lies in this, that the expansion line of an ordinary indicator card, and often the admis> 
sion line also, where there is wire drawing, is traced nnder circumstance very much resembling 
those under which the falling pressure line were here drawn, the mischief being only aggravated 
by the fact, that in drawing the card the pencil remains throughout in contact with the paper, while 
hero pencil friction was not allowed to act. 


Table XIV. 


Spring. 

Pressure In Duller. 

ProHsnres between 
which Ueiidiiigs 
were taken. 

Number 

of 

lloadings 

made. 

Average Error of 
Readings compared 
with Scale supplied 
w ith Spring. 

Average Differ- 
ence between 
Readings at 
Rising and Fall- 
ing Pressures. 

1. 

2. 

3. 

4. 

5. 

0. 



lb. 

a Hq. 

in. 


lb. a so. in. 

lb. a sq. in. 

A, 

Birting 

38 

and 

70 

0 

+ 2*4\ 


A, 

Fulling 

70 

ft 

20 

5 

+ 5-9; 

0*0 

B 

Rising 

30 


OS 

6 

+ in 


B 

Falling 

G8 

»♦ 

10 

5 i 

+ 4*4f 

1 o o 

S'* 

liirting 

30 

»f 

08 

6 i 

- 3*01 

1 11-4 

c, 

Falling 

08 

ft 

10 

5 

+ 7*8f 

! * 


Rising 

34 

tt 

08 

6 

-f 5*31* 

\ 

' 4. . O 

i)i 

Falling 

08 

»f 

10 

5 

4- 0*5f 

1 ^ ^ 

K 

Rising.. 

34 

>> 

08 

0 


1 

E 

Falling .. .. 

08 

ft 

10 

5 

+24*1/ 

1 Iji O 

F 

Rising 

38 

». 

50 

4 

+ 1*4\ 


F 

Fulling 

50 

1 

f» 

22 

3 

+ 3*3/ 

t 1 y 

i 


• with scale of free spring (hot) at maximum compression 


From the differences whicli are constantly found in the length of indicator cards, taken under 
precisely similar conditions, we know that the string has 8trotch(‘d somewhat, under the pull duo 
to tho resistance of the pajier drum spring. TJje stretching of tlie coni, wliich is in this way 
iipimrent, must no doubt take jdace to a different extent at different parts of the stroke. At tho 
b<»ginning of the stroke tho cord must be ino^t stretched, the paper drum lagging l)ehind, as it 
were, the i>oint from which n ciprocating motion is taken. At the end of its stroke the coni has 
probably rect>verei I its original h*ngtb, so tliat during the latter part of the stroke the drum lias 
lx‘en gaining on tlie point niontioned. The result is that to get u true diagram from the actual 
oanl, we should have to shift the earlier ordinates forwanl, and the later ones backward, one ordi- 
nate only remaining fixcnl, the one, namely, which coiTesjwuuls to tlie point at which the driving 
point and the paper drum had equal velocities. In order to determine quantitatively the value of 
the correction to be made* in the indicab^r card on accM^unt of string stretching, Berndt made a 
numlier of cxiwriinents with a special and very ingenious apparatus devised by Weinhold. In this 
apparatus a reciprocating bar WMsdiiven l»y a crank, and motion given to the indicator cylinder by 
ft oonl ftttai*bed to tho bar. An electric c^mnection was arranged by wbicli pitccsof paper attached 
to the bar and the cylinder, respectiv» ly, ct»ulil l>e Hiiiulbini^usly })ierct‘d by an electric spark a 
certain number of timbs, ut regular intervals tluriug each stroke. In this way it became easily 
p(»ssible to make a very accurate comparisfm between the motions of tho drum and the driving 
}K)int. The relation in which tliey stood to each other, was found to be as just described, the 
unchanged ordinate coining, in the average of all the exjieriments, to O’ 78 of the stroke. Berndt 
estimated the eftwt of the alteration by drawing ideal diagrams for cut-off at 0*5 and 0*3 of the 
stroke, correcting them for each experiment, and then measuring the alteration of art'U by a plani- 
ineter. For both catgut and good hemjicn coni tri<?d in several ordinary c'onditions as to dryness, 
ho found that tho necessary commotion amounted only to 0-5 per cent. I’he cord was 4*3 ft. long 
ami was carried straight from the bar to the drum, without guiding pulleys. No perceptible 
altoraiitiu was found in one set of experiments in wliieli tho cord was 7*0 ft. long, similarly 
arranged. Tho us(i of tliin brass wire, 7 ft. long, ri.Mluecd the error to 0*3 j>er cent. With 
cord or wire, 7 ft. long, carricn.! over two guide pulleys at intervals, tho error came out equal, 
and was 0*1) per cent. With very wet cord it was found that the error was much increased, 
us might bo ex|>ectod ; it was 1*8 and 3*6 per cent, resjiectively in two exi>eriments. The error 
was in defect in every case, so that the indicator cards wuie too small by the fraction mentioned. 
It will be seen that on the whole this error may be neglectcHi when good and dry cord is used, and 
tho length is not too great; it seems seldom likeB to reach 1 jicrcont. with the ciits-offexamineil by 
Berndt. For earlier cuts-off, however, it must bo greater, although in tho absence of detail wo 
caimot Buy by bow much. Tho error in the form <»f the expansion curve caused by tho Btretcbing of 
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the string will neoessarily be mnoh more perceptible than the error of area, and may be quite 
noticeable even when the latter is unimportant. x i. ai.x. * 

For making the connection to drive an indicator the beam engine offers excellent facilities, for 
it 18 only necessary to tie the string upon one or other of the radius rods, to obtain an adjustalde 
length of stroke, which can be readily suited to the length of indicator diagram required. In 
horizontal engine^, the usual practice is to fix a temporary wooden radius bar, Fig. 1608, to osoillato 
upon a centre, and its lower end has a fork or slot work at any convenient part of thecrosshead. 



The point of suspension in such cases must l>e iierpenclicnlar to the centre of the stroke, and the 
indicator string sliould be taken over a pulley, set at right angles to the radius Imr in its middle 
|K>sition, and at su<di a levt l as to be opposite tlie part whore the oscillations measure a convenient 
stroke for the particular indicator employed. In the cust^ of high-spectl horizontal engines, the slot 
arrangement, if not well conatriictt^l, is liable to priKluce an unsatisfa(’tory vibration at the ends of 
the stroke, and thus affect the diagram hy causing unaccountahlc irre gularities therein. For use 
with such engines, it is well to have a sliort c<mnei*ting link Ixdween tlie motion block and the end 
of the tem{K»rary radius bar, instead of a slot, and care must alsf> Ix' taken to have the wooden bar 
itself b>lerably stiff, so as not to bend with the rapid motion it encoimtcTs. 

In setting indicators upon cylinders, it must be borne in mind that where a rapi«l current of 
steam occurs, as in ports and pi |>es, any orifice at right angles to the direction r)f the current ret'eives 
less than the real pressure, const*quently cTroiieous <liagrams will lie taken whenevt‘r steam passes 
rapidly across the orifice of the indicator c<*ck, and thus it must never 1 h^ lix<‘d in the {lorts or near 
thc'in. Ilefore fixing any imlicator, its permanent stop-cock must b<* ojxmed for several revolutions 
of the engine, to clear away foreign matter that is sure to accumulate therein. When engines arc 
indicated for the first time, this precaution is more espc'cially necessary. String for driving the 
indicator shotdd TK>t be used quite new, ns it continually stretclies ; and where any groat length lias 
to be emiiloyed, fine brass wire is preferable. In order to regulate the hMigth <>f cord correctly a slip 
noOse is fouml very useful. This consists of a piece of leather about I 5 I in. lung hy 2 in. wide, and 

in. thick. Three line holes are perforated througli this leather, ainl a i)icee of cord nl>out 2 ft. 
long, tied to one end. The otlier end of the string, after pas.dng through the remaining two holes, 
has a ho(.»k atLiched, and a ring may Ixj <*onvcniently placed on tlu^ op[>oHite hK>p. This arrange- 
ment forms a sort of slip noose, and is very convenient for lengthening or hhortoning tlie indicator 
string. 

Where practicable, it will be? found the best plan to employ two imlicators for each cylinder with 
the connecting pipes as short as possible, the eomiiion plan of using joining the two ends of a 

cylinder with a throe-way cock to a singl<? indicator, is open to considerable objectif)n, and in any 
case the 8 t(>am passage should be as short and flirect as poH.Mble, and of ample area, in order that 
the pre 8 .sure 8 in the engine Rn<i indicat<»r cylinders may coincide to tlie nearest p<^>ssibie limit. 

Fig 1509 is of an arrangement for giving motion to the indicator, due to G. Cawley. The motion 

is reduced by two screws having different pitches, or a pitch ratio = -j , wliere L = the stroke of 

the piston, and / = stroke of indicator cor<l in the same unit of measure. It can be demon strafed 
that providing the screws D and C have a non-varying pitch, or one of similar variation, the 
motion of the bfibbiii A is reduced from the motion of the crosslicatl guide B with al)solute 
c#>rrectncss. 

The screw reducing arrangement and the cocks H and I are fixtures on the engine, and are, 
therefore, always in readiness for taking a diagmm. A is a frietion-ljobbiii and finger-wheel firmly 
attached to the sliding rod E. On the Ixibbin is wound the cord F, giving motion to the indicator, 
and its length can be adjusted by simply turning fhe finger-wheel. The Irietioii of the lK>hbin must 
tie sufficient, to prevent it being unwound by the pull duo h> the spring in the indicator and liarrel. 
11 is a movable tongue or nut working into the screw D, and can be pul in or out of gear by turning 
the circular tiolt-head. When a diagram is about to be taken, the tongue B is allowed to spring 
iiitf) gear with the screw D ; and the indicator thus receives a rcduct^d piston motion from the 
bobbin A. 

The an-angement. Fig. 1608, is troublesome at high speeds, and that Fig. 1510 may then bo 
employed, here a vibrating lath is attached to a short arm set at B ; if, for instance, a cord is to be 
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talcen in the direction B C, or at O for the direction O P, it will then, however, be necessary to take 
several measurements, and to prepare a diagram showing the direction of the cord, in order to get the 
correct position of the pin, and for two different positions of the indicator to have two cords and two 
pins. If, however, a segment of a circle is bolted on to the lath with a broad groove turned on the 
edge, and the cord secured at the end, it can be led away in any direction, and will always leave 
the circle at the right point. 

1610. 



convenient angle ns P" a F, and from tlie point j/' draw j/' h and //'c 

parallel to F a an<l P" a. Tlu n P'' a, <i F, K and p" o will re]>rosent the links of a pantagraph, 
j(»inted tog,-tlior at A, «, r , and if the iKiint P" is moved in the straight line P P' tlie point w" 

PP' P" F I ^ 

will move in the straight line p 7 / j>aralh l to PP' and « 

a// //' F 

So long as a straight line passt s tJinaigh the jioixits 1*", and F, the position of the link 
or that of p" A, may l>e vari<‘»l at jdoasnre; for 

example, the link A might he eemtinned t iG.i. 

through A, aii<l the link F a continued through .L 

< 1 , and the link p" r made to fall on the other ” 

Hide of A a, hut j*'* c must always be parallel to ; - 

6 a, and A to c a. j T 

The advantages given by the who of this “**• ^ 

motion arc; That the motion of the piston 

Jiiiiv l>c redueid without tTror of any kind; *' 

ami the fulcrum F may he shifted to any ‘ ^ 

tion, in the same plaue with the links, near F, ' w 

without pTiKlucing any other effect than j ''O 

moving the point p** in a corrcjspnnling diroe- 1 A i ^ . 

tion, which position may bo easily deteruSined 1 \ t 

P'^F • 

from the ratio for P", jt/' F will always lie • 

p r I , •'^*,.--*’*** 

in tlie same straight lim*, and th<» rnotiop of 
P", when the iHiiiit F is will Iw always 

exactly copUHl in the given ratio by the * 




pt»int p\ 

Thompson’s indicator, made by the Buckeye Kugino Co., Salem, XJ.S., has been specially 
designed to re<luce as far as fb<^ weight of the moving parts, and thus secure steiidy diagrams 

at high spt'cd. In Fig. 1512 of this instrument the cylinder ami its surroundings are in section, 
as well im the paper drum and the parts which carry it, hut the two systems are cut on a different 
plane, that of the papiw barrel being lieyond the other, though the two planes are parallel. The 
stem of the working piston is shentand has a hollow tmnk screwed on it, inside of which the connect- 
ing rod works. This rod has on its lower end a head or collar, the upper surface of which 
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forms part of a sphere, while the lower is conotave and concentric with the upper. An internal 
collar in the trunk fits the spherical surface of the head on the councctiug rod, while a stud which 
is screwed into the stem of the |>iston, has a hemispherical 
end which fits the concave surfaoo of the head. This stud 


can be mi jus ted out or in, to take up lost motion at any time, 
or make the joint free as may be required. 

Tide joint, being universal, allows the lateral vibration 
required for the parallel movement, as well os acting as a 
swivel, to allow the head piece which carries the lever and 
parallel device to swing round, and carry the marking point 
to or from the paper. The lever E which carries the pencil 
is pivoted to a swinging bracket, while the link or radius 
bar, being pivoted to the fixed standard, controls the move- 
ment of K, so that the pencil moves in a straight line, 
that result being secured by the arrangement of the several 
pivots and a proper length for the radius bar. The pivots are 
all made with taper steel pins and must work free. The 
spring, Fig. 1513, wdien in place, works between the piston 
and cap and is fitted to screw on. The connecting rod is 
screwed into the head and locker b}* a keewr nut, which 
allows the connection to be shortened or lengthened, to 
accommodate slight variations in the length of the springs, 
or to throw the jiencil higher or lower on the paper accord- 
ing to the pressure or vacuum existing. The spring of the 
paper drum, w’hich is not shown, is contained in the drum, 
and its ends are hooked on to studs, one of whieii is on 
the inner periplu-ry of tlio drum, nud the other on the boss 
of a milled edge fiangc, eo that by turning the flange the * 
tension of the spring can ho properly adjusted, a thumb nut 
then holding it in position. The thread in tliis nut is 
made right or loft according to the hand of the instrument, 



l&Kt. 
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it Ijoing made so that the force of the spring will tighten it. Tlic other parts arc almost identical 
with those of the Kicharrls indicator illustrated at p. 2017 of this Di<*tionary. 

In the indicator devised by John K. Sweet, Figs. 1.514 to 1517 tho parallel motion is dispensed 
with, and a uniform travel obtained with both pisUm and pencil point. 

Figs. 1518 and 1519 show the reducing device a<lopted by John E. Rweet for giving motion to tho 
paper. A, Fig. 1518, is a bent rock-shaft mounted in bearings over the crosslnjml of the engine, in 
the supt>orts B B. C, a }>etidnlum rod swung back and forth by the motion of the crossheml ; this 
carries a sliding block D, which can be raised to the top of the rod or allowed to fall to any desired 
point by the adjusting collar E. A string F, passing tlu-ough Bio centre of the iY>ck*shuft and over 
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the pulley, enables the operator to raise or lower this block, regardless of the speed of the engine. 
Tho trunnions on the block nro at rest when the block is raised, so their axis corresponds with the 
axis of the rock-shaft, and have a motion proportional to tlie motion of the crossheail when let 
down. A weight is suspended somewhat heavier than tho block and its connections to the cord, 
so that by raising the weight motion is imparted to the indicator, whilst dropping the weight stops 


1518 . 




it. This arrangement would need modifying to suit circumstances, but the principle of sliding tho 
block t(» and from the axis of motion is applicable in all cases. In the place of a string forcon?iect- 
ing the reducing device with the indicator, a connecting rod, one end of which is shown at a, Fig. 
1519, may be used. 

Figs. 1514 to 1517 show' Sweet’s indicator in cross-section and elevation. 

The principal feature: is in th<‘ nu‘tlio<l of holding and moving the paper. Instead of wrapping 
it round tho outside of a cylinder, it is bent and held on tho inner surface of a segment ; and 
in.Htead of being iiKiveil around anil back in a circle, it is moved forward and back in a straight line. 
So tho ]Kiwer from tho engine is carried directly to the paper-holder, without strings or springs, and 
is a |M»sitivo motion which can bo run nt any Kpeetl. By this method of fixing the paper it can be 
placed in one-fourth the time, and any kind of pa|K*r or canl csiu be used. To place the card it is 
only necesiwvry to set the lower e<!ge in the bottom channel, press it back, and hook tho hook G over 
the upper edge. 

Ttie jx^ncii arm is a tul>e of about -j\y in. external diameter, through the centre of which passes 
the marking point, of copper wire, aUiut in, in size. The pressure is put on the marking point 
by tlio spring H, which is forced again^t it by the cam I. In this way tho pressure is put on, and 
tho force is tho fierce of the spring, entirely beyond the control of the operator. 

The pencil has a range of dO®, but, instead of moving 30® above and 30® below, the arm plays 
from 7i® below to 52J® al>ovc tho horizontal, and the link placcii in that inclined position that 
gives to tho pencil so nearly a perfectly uniform velocity ratio that w’hon multiplied twelve-fold the 
vuriution is scarcely di.’scerniblo. It will Ix^ seen that it not only tlispenses with the parallel motion, 
but does away with considerable weight in the pencil and pencil-holder ut the end of the arm, where 
it does the most harm. 

It is stated that with this indicator as goofl cards have been obtained at 330 revolutions as from 
Richiirds at 220 or from the Thompson at 270, under tho same conditions. 

Fig. 1520 is of Darke’s detent, nltod to Richnrds* indicators by Elliott Bros., of London. This 
oontrivance is arrjingoil to control the motion of the pa|^>er drum of the indicator without the inoou- 
vonieuc'e of hooking and unho<»king tljo cord, 

Tho Fig. 1520 reprc'scnts an imlioator in plan, with detent attached. C D is a small segment of 
brass pinned on tlie lower end of the ferrule which carries the (>enctl arms, and which tlierefore 
moves with any motion of them. The oiul D engages the nose of tho pawl A, which again engages 
a segment of a ratehot wheel B. A small spring F presses upon a pin in the pawl at G, and 
tends to keep it in gear with tho ratchet segment. 

The indicator is shown with the paper drum at the end of its stroke, and the spring of the drmn 
consequently In tension, the cord being supposed to bo iu connection with the moving engine. With 
every stroke of the engine the cord is therefore tightened and slackened, the slack being taken up 
with a little elastic phioed in the cord, between the engine and the eye of tho cord of the paper 
drum. 
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When a diagram is about to be taken, tlie pencil arm is moved to the position shown, and the 
end of the brass segment C D gently presses the nose of the pawl A nt D ; as the cord tightens by 
the motion of the engine, the pressure given by the spring of the paper drum upon the tooth of the 
ratchet B is removed, the pencil ailvances immediately towards H, the pawl takes the position as 

1620. 




shown (lotted, and the paper drum commences its movements witli j^orfect smoothness. To stop, it 
is only ncec.^sary to move the |>C‘neil arm by a backward motion, when the pawl again engages the 
mtchet and prevents tlie return stroke. It will he seen that so long as the nose of the pawl rides 
upon the hra.ss segment C D, the indicator retains, and can \r' ns('<l in, its oM fnrm. 

The contrivance is oiu' wliieh will be finind verv ust fiil, especially wlnm taking cards from fust- 
running engines, tjr under circumstance which reuder the card dillicult of access for hooking and 
unho4»king in the ordinary way. 

Stanek,(»f Prague, has pro]»osed a new amingemont. Figs. lo21 and 1522, of a guiding pulley for 
the cord which moves the paper drum of an indicator. It will seen that the j>iillcy p enx\ 
be turned round an axis X X, wht'rens the cord, parsing through the hollow pivot n, rfunains in 
its proper position. By means of the screw d the pulley can In* lixed in any ))o>ition required. 

In comparing tins arrangement with that u.-nany einploVMl, it will he 1\»nnd that the cord can 
he moved more freely in any direction, witluait iiit(‘rf« ring with the correct action of tin* apparatus. 
Moreover, the armngcmient, if once properly adjusted, is lad lial>lc to all«)W the cord to donliK^ on 
the pajier drum pulley, that is to say, to go round more lliun onet', a ca^e which is by no nu^atiB 
imctuniiion with the ordinary pulleys. 

Coutiitiir>u8 indicators give a permanent record of power emjditved. and one of the contrivances 
of tills description is Ashton and {Storey’s steam-power imder, of w hich the esseiitial details ar© 
rejnesented by Fig. 1523. 

This instrument measures the power given out at eve ry stroke, like any other indicator ; anil it 
multiplies the varying pressures by the speed, and records tlie amount by means of figured dials 
altai'hed to the apparatus. Thus, if the amount of pow’cr indicated yesWrday l>e dcslucled from that 
shown to-day, the exact power exixindcvi in the interval is known with perl(*ct aci-unicy. 

The indicator piston A Jias a connei'tioii with the upixT and lower side of the cylinder by pii>eii 
attached to cocks a and so that the exact difference of pressure on the two sides of the engine 
piston, are transferred to the indicator pi»ton to draw* it up or down, and Cfimnress or extend the 
spring K, which is calibratiid to each linear inch for any desired scale of p4>unds a stjuare inch. A 
long pinion B, with its inU'grating wheel D, is carried hy tlie indicator pisi^m hkI ; it i» frix* to turn 
rouial, but held endways by collars. A circular disc F, iiiounti^d nism a sliort horizontal shaft, is 
held hy alight spring against IJ, and this disc has an oscillation given to it for a suitable connection 
with the engine. 

The integrating wheel D is set to stnnd at the middle of the di^c F when all is at rest, and there 
is no pressure on either side of the pi.^tou, so that in the jsinitiou shown no motion of F has any 
effict on D. But as steam pressure hirces D upwards or downwards, thi? movement of F is trans- 
ferred to D, and the extent of motion so given to tlie indi^x during any stroke of the engine, 
is pro|>ortionate to the pressure of the steam on the indicator tdstoii during that stroke, becfiuse the 
rate at which the integrating wheel 1) is driven by the disc r\ is directly proportionate to the dis- 
tance by which it is raised or lowered from the centre of the disc, and this distancu is the same as 
the amount of compression or extimsioii of tlie indicator spring. 

WJieii the stroke is ffuished, and a return stroke commen<*es, the disc will rotate in the opfiosite 
direction ; and as the steam acts on the opposite side of the piHton, wJien the motion of the engine’s 
piston is reversed, the integrating wheel will be moved to the ojijKwite sid»‘ of the centre of the disc, 
and Wh it and the index will continue to be moved in the same diri'ction as before ; the quantity 
of motion through the return stroke of the engine will again In* projKirtioiiate to the pressure of the 
steam on the piston, and will be added to the movement of the index during the preceding stroke. 
By this means, therefore, the registering index is moved during each stroke of the engine, through 
a space firoportionate to the sum of the moments of pressure exerted during that stroke, and conse- 
quently the total amount of power developi*d during any given time is tiius indicated. 

In these instruments, as generally mido, the proportions of the moving parts and gearing for 
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reducing the motii.n down to the registering index are so arranged that each unit on the dial repre- 
sents 1000 foot-pounds a circular inch of the engine piston ; but for convenience of reference* 
where the indicator is intended to bo employed constantly u|>on any particular engine, a separate 
index may he provided on the dial, for showing at once the load on the engine in horse-power, by 
simply observing the movement recorded by this special index during one minute. 

In Kenyon's pistonlc^is indicator a tul^ similar to that of a Bourdon gauge is utilized to 
transmit the pressure, but there are 
many objections to this form, and it is 

doubtful whether the tube can stand ^ 

excessive pressure without damage. i fll 

A slide valve indic’ator is employed J' n h '■■■ t 

to show the whole of tho motion and j— I ^ 

action of a slide valve, and at the same 
time duly allow for the virriatioris due 
to any hmgth of connecting rods, thus 
furnishing a ready means of tpiickly 
comparing one valve with another, r>r 
obtaining the whole of the particulars 
which show the distribution of the 
steam in any existing engine. 

Fig. 1524 is a plan of Win. Cooper *8 

slide valve indicator, as made by Elliott I ^ 

Bros., and Fig. 1525 is a side elevation. n I ^ 

A A is tho frame carrying tho moving p ■* 

parts. B is a long slot in which slides T I 

the slide blf)ck 13 c-orrosponding tlio I 

piston of an ordinary engiiuj. D is a 

small slot [>arallel witli the long slot H ITT]] 

and graduated on one si<lc, giving B 

various lengths of connoctitig roil n la- | 

tive to tho length of the htn-ko. E is ^ 

an adjustable gnuliiato<l M‘alo, on which TfCj 

may bo road off tho variouM po-iiiou' <*f | 

the slide bbsde C, oil her nii tie* up f»r 

down stroke. F is a ^wivt•l coupling r" “j i f^- L — 

for tixing any length of connorting r(»d 1 

in relation to tho stroke of tiio ongine, U 114 

G is the. connecting nul. H is a crank- ^ ^ 

pin for giving motion to the* conm ctiiig |— ^ ■ 

rcxl, it is lixod to the boved wheel J. ^ a \ m ^ 

K is a coiitn^ stud carrying the lH*voi ^ tiiTX I 

whetd J ; ami L ts a pinion gearing into j \ f~ I ^ 

ami driving tho b«*vol wheel and orank. nr ^jJB ^ 

M is the pillion shaft workoil by the v) j ) { O 

niilb'd whetd N which operates tin* ^ 

wlndo instrument. O O is a centre ^ 

slot in which are plivccd two rods P 1*, ^ ■ ■■■■■■ * 

and worked by the knobs Q (J. U R W /yrl 

'are trtivorse sliding plates, to itnlicaU^ LJ KL { — 

the lap and lend f>f the valve, tlioy are () ^ 

also worked by Q. which are eon- * f j j 

nected with tho slnling bb^ck.s S S. 

T is a sliding pointer, adjustable in q 

length by the small .screw V.and fi.xnl ^ ^ /V 

to turn with liie crank ; it may lie sot fa / j 

nt any angle to the crank by the milled ^ 

nut A. U U are two arms graduatctl \ f 5 

in inches for adjusting the length t>f the j \ [_1 

pointer T, which is nsnnlly set to do- j j 

scribe a circle whoso diameter etiuals 
the travel of the valve. 

To use the instrument the crank is turned on to tho centre, and the scale E adjusted to the 


required length of ''onmx'ting nxl by bringing tho top of tho scale op{H>sito the proper length of 
rod, the set screw at F is then easeil. and the piston mijustcd to the zem on the scale E, The zero 
on this scale is either at tho top or bothim, as tno crank is either on the top or bottom centre, and 
E is doubly marked, reading both up or down as tho case may rt>quiro. The two plates II K are 
moved from the central, a distance CHiual to the lap of the valve. If we suppose the crank to be on 
the bottom centre then the pointer T is moved across U U, set to half the travel of the valve, and 
fixeil by the 0 (*utral screw V ; the Iwnt point is turned up towards the piston until it crosses tho first 
edge of the lead plate It, such a distance as will equal the lead required, and fixed there by the 
milled nut X. The point of the needle, a, now actually becomes the ooutre of an eccentric, and 
its position with regard to tlie crank is the same. 

The instrument is then ready for use. By turning the wheel N, the needle moves ^ from 
its position towards the top of the circle which it describes. When it reaches h the valve is full 
open and the distance from R to end of tho needle is tho opening the port then has. When 
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the needle reaches the edges of the pinto R at <?, the valve is closed, and when, by continuing the 
motion, the needle roaches the centre lino U U at d, the exhaust, if the valve has neither inside 
lead nor lap, begins on. one side, and compression on the other. Again, wlieii the needle roaolios e 
compression ceases and load begins, before the crank is on the centre. Finishing tho stroke 
by turning tho wheel a little further, and inserting the pin on the right to ensure tho crank’s 
proper position ; the nee<ile will then be at/, and the distance from / to tht> edge a will be the lead 
the valve has at the other end. Continuing the motion for tho other stroke, and at each of the 
points above uameil, tho position of tho piston with regard to tho scale F is to be rend oiT. 


ir>24. 1525. 



l‘he instrument iiffords tlie moans of asccitaining how far tho pistoii has travelled when tlio 
steam port is full open, and how much this ojiening varies by lining the reversing link as a moans 
of expansion; as also the part of the stroke where tho sto'fiiii is out <»flf by the valve closii»g, and 
expansion begins, as well as the point at which expansion coasos by the opening of the strain port 
to the exhaust. It will in addition indicate the f>oriiou of the stroke ‘ iKirlbmiod undor the expansion 
of the sU^am ; the point at which the exliaust ceases and cxjiansion begins; the portion of the 
stroke performed during the compression of tho steam ; the j:K)int wh«^re tho steam port is opomjtl 
by leacl and before the piston has finished its stroke; the portion of the strokes porforrneti against 
the steam which is admitted by lead ; and also how these details difier between the up and 
down stroke, owing to tho angles formed by the connectiTig rod. 

IRON. 

In the smelting of iron the advisability of roasting iron ore before reduction in the blast furnace 
ha.s long been a debater! subject. Home ores no doubt Kjiiefit materially by this preparation, 
and it is a common practiccw ith many ironmasters to erai>h»y this preliminary tn'atrnent of the 
mineral. F. Akermann, tho celebrated Swedish metallurgist, has thoroughly investigated the 
matter, and from his researches wo abstract the particulars wltlch follow. 

Tho action of roosting iron ore is in many cases simply mechanical, hard ores become brittle and 
can then be bc^tter worked. Ores containing carbonate of lirnc should not be roasted long Ujforo 
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reduction, os tho caustic limo produced in the roasting slakes on exposure to the air, absorbing 
moisture and carbonic acid, and producing a considerable amount of dust. 

The heat required for roasting ores containing carbonic acid and water is considorubh*. The 
heat whtcli becomes latent on the evaponttion of water is 536, and according to Bognault each unit 
of water which is rnise<i from t to degrees and evaporated at the latter temperature requires 
606*5 + 0*805 1* t units of heat. To tho considerable amount of heat which is bound in roasting 
ores containing hygroscopic water we must add that which is required to expel the water of 
hydration from its chemical combination with the oxide of iron ; we possess at present no data to 
calculate the amount of this loss. 

For the decomposition of efich unit of carbonate of limo Favre and Silbermann calculate 
373*5 units of heat, tliat is 373*5 x 100 : 44 = 849 calories for eticb unit of carl>onic achl expelled 
from the carl>onate of lime, or 373*5 x 100 : 56 = 667 calories to ejieh unit *»f weight of eausticizttd 
limo. The absorption of heat due to the decomposition of the carbonate of ii-on is not known, but 
as the protoxide of iron is a much weaker base tlian lime, it may be assumed that it is less than tiiat 
given al>ove for lime. 

Tho decomposition of carbonate of lime begins at about C. ; but it is not till nearly 900'^ C, 
that it takes place at all rapidly, and even at this temperature a lump of limestone requires a long 
time to become caustic in its interior. For driving out carbonic aei<l from finely divided carbonate of 
iron, only 300®--400° C. are necessary, and the water contained in pulverized bog iron ore is 
expelled at 200®-300^ O. Tho tcmpt*rature necessary for driving out the water and carbonic acid 
from the hydrates and carbonates of iron is therefore not very high ; but much heat is absorbed 
during the opomtion, and still more in cnusticizing the lime. 

Some iron ores do not require roasting. This is the case with those wliich contain no sulphur 
anil which are, in their natural state, sufficiently loose in texture to allow the reducing gases of tho 
blast furnace to penetrate. Some of the softer varieties of hajinatito may at once be tipped into the 
blast furnace in their natural state : but if the hfematito be very compact, a moderate red heat will 
be found to break it up into smaller pu*ccs, thus giving better access to the g.iscs. Some of theso 
ore.s, however, are liable to fall iut<> dust if roasted at a low temperature ; in such a case a higher 
ttmipomture must be used. lu some cases, when tho ores contain coustituimts whicli are expelled 
by heat, it is not necessary to roast them specially, the volatile aubfitanecs being expelled in tho 
iipjK»r )>art of the hlast furnace itself. With high fitmivces tho amount of lieat bound iu this 
operation (Xoga not inU'.rfcre with the reiluction of tlie metal. Many hydrated ores are very difficult 
to roast, on account of their tine state of subdivision, and if they are heated during the operation 
to a temfiorature sufficient to clinker them, they become more difficult of rt^d action in the blast 
furnace. There is also a considerable loss of ore which is carried off in tho state of a fine dust 
by tho gaseous proiluets of combu.'^tion. In some cases carbonated ores are smelted direct without 
pmvlouH roasting ; but cx|X‘rience has biught that it is more advantiigeoiis to roast them slightly 
first. This is no doubt partly due to the temixTatiirc required to drive out the c{irl>fmic acid being 
liigher than that necessary for the evai>oration of the w-atcr in hydrated ores. The reclucing zone in 
the blast furnace is driven lower <lowu in c/mst^iucnce, with tlie attendant disaxlvantagcs. It must 
also bo taken ac-i*ount that the carbonated ores c<intain nearly double as much carl)oiiic acid 
as the hydrated ores contain water. The protoxi^lc of iron conti\inc<l in the carbonateil ores lx*c«>mea 
oonveriod into the higher state of oxidation during the roasting prx'ess, ciiusiug the ores to hi come 
jxirous. According to Wedding, the carbonate of iion, hojitixi without special exc-i\ss of air, forms 
4FoO, FcjOj. (Iruni'r, however, states that carhoriate t)f iron lu^ateil to 300--10()^ O. in an 
atmospliere of curlwinic acid gaw is convened into a state of oxidation more nearly approt^elting that 
of magnetite. If there he jdeutifnl aewss of air the final imnluct may be Fe., 03 . The higher 
tho stage of oxidation, the more easily it is rcdiiee.l, it is therefore clear that tho roasting of 
carl)onuted iron ore should take place in an oxidizing heart. 

It is chiefly in the case c»f ores containing a considerable proportion of carbon that tho roasting 
must take place in a reducing atmosphere, iu order that tho whole of the carbon may not be 
conHumed, but that some i»f it nmy be Rub 8 i*qncntly utilized in the blast furnace. In such ctrses no 
further fuel need be addeil to that containcxi in tlio ore. Such methods arc, however, exceptional, 
and are chiefly used for black baud ores. 

Itoasting has frequcTitly for its object tlio conversion of tbe magnetic oxide of iron into tbe 
fXjroxide, from which latter combination tbo imn is more easily reduced to tho metallic state. But, 
although such a conversion may he complete, yet a v<*ry long time is necessary to effect it in cases 
where the structure of tla^ mineral is very tlense. The bi>st bnuperaturo in such cases is a yellow 
heat, for, according to Tholamler, peroxide of iron comnienees to give off oxj'gen at a higher 
tomperature tinder the conditions prevalent in loiisting kdns of the orilinory construction, 

A very high temperaturo is only of use when tlie ore contains a considerahle jH‘rcontage of lime, 
Tholander’s exneriments show that calcareous magnetic iron ore, wlien heatevl to a temj.x‘rature 
slightly above tbe inehitig point of silver, forms a compound of lime and peroxide of iron, which 
begins to molt, but without decomposition. This compound is mure easily reduced than tho ore in 
its natural state, but not so easily as fn*e oxide of iron. 

It is thert'fore evident that, in roasting ores containing f>eroxide of iron, too high a temperaturo 
must l>c avoided. Tholandei^s resmrehes indicate that even when oxidizing gases have fo e access 
to oxide of iron at a high temperaturo rtHluetiuu takes plime, the projiortion of oxygen sometimes 
sinking below that eon taiiic'd in magnetite. An oxidizing roasting of magnetic iron ore is especially 
serviceable when the dcgn‘e of oxidation of the om is-low'er than that of pure magnetite. It is 
invariably found that tho ticrccntage of oxygen increases during the roasting of magnetic ores, 
while tiio reverse Is sometimes the case with* liicmatito. 

Calcareous or manganiferous ores may also be advantageously subjected to an oxidizing roasting. 
The protoxide of iron mue-t absorb oxygon before it can combine with tho lime, and any protoxide 
of manganese which may bo [kresont al^ booomes omverted in a more highly oxidized compound. 
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With regard to the oxides of manganese, the same observation may be made os for the oxides of 
iron : at a low heat oxygen is absorbed, while at a iiigher tempertiture it is again given off. 

Silicates of protoxide of iron can bo decomposed by means of oxidizing roasting. The result is 
a mechanical mixture of free silica with a combination of protoxide and peroxide of iron. This 
reaction is of great importance, os the silicate of tlio protoxide of iron is extremely difficult to reduce 
direct, because the affinity of the sUioa to the protoxide of iron must be overcome in addition to the 
affinity of the oxygen to the metal. Such silicates are, in addition, easily fusible, ami are liable to 
interfere with the action of the blast furnace by melting prematurely. Tholander found that when slag 
from a puddling furnace was heated to a red heat with access of air it absorbed oxygen and became 
more and more magnetic up te a certain point If tho roasting were then continued, there was a 
diminution in the magnetic properties, and white scales of silica were formed. This takes place at 
a dull red heat ; but tho change is more mpid at a higher temperature, provided there is no fusion. 
It is very difficult to oxidize the whole of the protoxide of iron contained in such a slag ; in an 
experiment which lasted 23 hours under highly favourable conditions the oxidation was not complete. 

Ores which contain a large proportiim of silicate of protoxide of iron are usually of a greyish or 
dark green erdour before roasting. After that operation they assume a yellowish or reddish brown 
tint. Some silicates of tho protoxide of manganese, in which the base pnnlominates, can be easily 
decomposed by roasting; others winch conttiiii more silica are but slightly changed. 

Sulphur occurs in ores chiefl}’' in three forms, namely, the diflerent kinds of pyrites, zinc blende, 
and gjtlena. A very small proportion is 8omotiui€‘S present in tho form of sulphates, which may 
generally be removed by lixiviation. If the heat to which tho ores are subjected Ijc not oxidizing, 
one equivalent of sulphur will always remain for each equivalent of metal, the exce.sH only being 
driven off. Irf>n pyrites, the most usiial sulphide in iron ores, hns the composition FeS,. At a 
comparatively low tempt>rature a portion of the sulphur is given off in a gaseous state, and by 
raising the temperature half of the sulphur nuiy l)e ri moved by distillation. But tlie coin|vaxnd of 
one equivalent of iron and one of sulphur which remains can, in tho absence of an oxiiliziug 
substance, bo subjected to any heat without losing sulphur. If, however, air bo frtady atlmittc^l, 
part of the sulphur is oxidized to sulphurous acid, and tho final products obtained are sulphurous 
and sulphuric acids and oxido of iron, or magnetic oxi<le of iron if tlie tem])eratiire was very liigh. 

In roasting magnetic pyrites the products obtatued are the same, witJi the e xception that no 
sulphur is volatilized in tho first instance. When arsenical pyrites FeSj + FeAs^ is heuteil, 
sulphide of arsenic is dislilleil over at a dull red heat ; tlien sulphurous and nrsenious acids are 
evolved. The latter acid cannot, however, lie con[i[>letely expelled by heat, so tliat ores containing 
arsenic will always be found to retain a certain pr<ijM»rtiou of that impurity, (‘vt‘!x after the most 
careful roasting. Zinc blende is very difficult to oxidizt^ thorougldy. In the first stage of the 
roasting process, oxide of zinc and sulphate of zinc are Ibruied, the latter salt retiuliifig a white licat 
to dec< impose it when in a pure statt;. Idstributcd in small particles tlirraigli iron ores it may, 
however, be dissociated more easily. Galena is couvertcil into o.\.ide ot leu«l ami sulphate of lead 
by an oxidizing heat ; in this case also the su}[ihute requires a high tcunjieratiiro to deoonif>ose it. 

In general, sulplndes are first converted during the roasting process into a mixture of oxides and 
sulphates, the latter can then generally be deconipo.*^ed by the application of a more elevated 
temperature. Tholander has made some important experirmiits fm the In at re<iuired to jirmlueo 
dissi>ciatioii lx^tween the suljihuric ac?id and the base with wJiicii if forms the suit. Two ]ilatiitum 
vessids were filled with the nulphate of pr<itoxifie of iron ami su]ije(‘te<l to lemjHTa tines of (150^ C. 
and 750® C. respectively. In 1^ liours the conttuits of the first vc.'m I contained 0*07 |ier cent, 
sulphur, which was rcHliiced to 0*004 jK*r cent, on being htiiited ot tho some teinporatiin* for two 
hours longer. At 750® C., corn sponding w*ith a full red beat, no true, s of sul[ibur couM Ixj found 
after the lapse of hours. The suljiimtes of copper, zinc, and lime were iicatcd in a inufilo 
furnace for about 0 hours, when it w’as toiiiul that th<? r(*fti<hio of tin- first contained scarec-ly a 
trace of sulphur, while the zinc retaiiK-<l 0*1 per cent, of that subataiice. The sulpliate of lime 
appf^areil almost unchanged. Sulphate of lime was then ]ieau-d to a tenqHU-aturc slightly exceetling 
tho melting point of silver (1000- C.), and even then was not decolllI>o^e(l. The siifpliuric acid 
could only be driven off by heating thi.s sulphate to a bright yellow heat over a gjis blow-pi|H). 
Sulphate of lead was partially dissociated at 750® C. ; but even at this temperature little sulphuric 
acid was given off. 

It appears from these exiieriments that sulphate*, of lime cannot Ijc decomfiostMl in the roasting 
furnace, as the teriUK-rature nece8.Hary to drive off the bulfilmrie acid is so high that most irr»ii ores 
would melt if exposed to it. For the same reason it is <iiffieiilt to drive the whole of the sttlpliur 
out of calcareous ores wliich coutaiu pyrites. The sulphuric acid produced in the lower part of tho 
furnace from the pyrites combines with the lime in the npfa*r part. These or< s are, however, much 
more easily dealt with than tlmse which alrc-atly c<aitaiii gyiisum in their natural state, as tJie 
sulphate is formed on the exterior of the pieces only. 

When iron ores which contain sulphur are n^astcil in lumps they must lio subjected to a much 
higher temperature than when in a more finely divided state. Altlaiugh tJie almve experriments 
show that no very high tcmt>eratiire is riee«le<l to free iron from sulphur, yet this only holds g<Hid 
when the ores are in a state of fine subdivision. I^rge pieces pre vent tbe access of air inh> the 
interior, especially if the ores b« of a eomjiaet structure. In the interior of a Jump of ore the 
oxidfitiou of the sulpliur frociuently takes place at the expense of the oxygon contained in the oxido 
of iron itself, and to liberate this a high temperature is nu<*<;ssary. 

The sulphur can be ex()elled much more easily from 6rt-s ciitisisting chiefly of p<*roxide of iron 
tlmn from magnetite, because the latter requires a higher teio|H-rature to liberate oxygen. As a 
general rule, it may be said that the loosc*4r the structure of tlie oio, the more easily is toe suhihur 
present in the form of pyrites, oxidized. ‘ * 

In the interior of pieces of very dense ore particles of pyrites are frequently found which are but 
imperfectly freed from sulphur. The presenoe of sulphur may be detected in such cases by 
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moistening the ore with snlphario acid, when, if sulphur be present, sulphuretted hydrogen will be 
evolved. The application of great heat has the advantage of fusing the sulphides in the interior of 
each lump ; they can then reach the surface of the ore, and are more easily oxuUz(;d. 

The presence of carbon can be of advantage in expelling the sulphur from pyrites. The 
sulphuric acid formed by the ox.idation of the pyrites is converted into sulphurous acid by carbon at 
a comparatively low temperature. Care must be taken not to raise the temperature too much, or 
sulphide of iron might again be formed. In roasting calcnreous ores it is ot importance that the 
sulphur should be expelled in the form of sulphurous and not sulphuric acid. 

Although heated sulphide of iron decomposes steam, yet it appears doubtful whether any 
advantage is derived from the presence of the latter during roasting. The end produota obtained 
by its actiun'upon pyrites in the presence of air ere oxhle or magnetic oxide of iron and sulphurous 
acid. The same pr^ucts are obtaine«l when aqueous vapour is entirely absent. 

In some exceptional cases it is found advaiitag^us to lixiviate the ore or tn ex]K>Ke it to the 
weather after a comparatively light roasting. At Kladno, near Prague, one of the largest iron- 
works in Bohemia, ores containing 1*7 per cent, sulphur are first roast^ at a low temperature, 
which brings the sulphur down to 0*5 per cent., and are then placed in basins, the water of which 
is renewed every second day. In six or eight weeks the proportion of sulphur sinks to 0 *1 
per cent. 

As rotvsting is only a preparatorjr operation previous to reduction in the blast furnace, it might 
be supposed that the more oxygen is driven out of the ore at first, the easier will be its subsequent 
reduction. Generally, however, the very op|)osito is found to be the case ; the more oxygen is 
absorbed during roasting, the more rt^ily will the ore be rcduocjd. The explanation of this fact 
must be looked for in the different Zfmes of heat whi(.*h are found in a blast furnace. It is highly 
probable that when ores consisting of peroxide of iron dose^end in the blast furnace tln^y are soon 
reduced to magnetic oxide, which is more jKirous and accessible to the action of the reducing gases 
than if the ore liad originally lx*en fed into the furnace in the lower stage of oxidation. "When ores 
in their natural state are oxidized to their highest degree, little is to he gained by roasting them in 
a reducing atmosphere. 

Hfomatito when free from suljdnir is but sliglitly improved by roasting unless its texture be so 
dense that the mechanical action of heat is nceessary to render it porou.-*. With magnetite the casq 
is very different. The proportion of oxygen contained in it (*an bt' incrcjased either by oxidizing 
roasting at a low temperature, or by heating it until it clinkers, allowing acce.ss to the air. The 
silicates of the protoxide of iron, which are usually associated with mugnetile, are oxidized 
during roasting, and can subsequently be reduced without difficulty. In general it will be found 
more advantageous to roast such ores at a moderate temperature than to heat them until clinkeriug 
begins. 

When iron ore is reduced at a low teln|X^mture, 3,>0'^-45()^ C., by c-arlxmic oxide, carl)on is 
usually deposited while carVjonic acid is given oft, according to the reaetitm : 2CO = C + CO^. 
This itikes place in the upper part of the blast furnace, and bus an important bearing upon 
the oonsuraptioii of fuel. The more carlion is separntc<l in this manner from the escaping gases, 
the less fuel will l3e required to effect the reduction of the ore. On this point also Tludaiider 
has made a scries of ex|>eriments. He found that the more oxygen is ahsorbi^d by a magnetic ore 
during roasting, the more carbon is separated by that ore wh<*n lie.tted with carbonic oxide. 
Haematite which had been slightly reduced during roasting, showed less power of absorbing 
ciu'bon. 

The npjienranco of the roasted ore is generally sufficient indication whether the operation 
has been well conducted or not. The roasteil ore is less sonorous wdien struck with a hammer 
tlian the fresh, and is al.'^o much more brittle. Its diminished density depends partly on the 
expulsion of water and carbonic acid, as in the case of hydrated and carbonated ores, sometimes, 
however, it is due to numerous small cracks, fro<jucntly invisible to the naked eye. All ores 
containing greenish silicates of iron should be roasted until the colour changes to reddish brown 
or reddish yellow. Well roasted ore should have the same appearance on the outside ami inside 
of each piece, when brt^ken open. If the lumps contain kernels similar in appearance to the fresh 
ore it is an indication that the operation has been too hastily performed. It cannot, however, 
always be expected that the degree of oxidation should be as complete in the interior of lumps 
of magnetite as on the exterior. Oi*e« which do not require a high roasting temperature to drive 
out sulphur should have a red colour externally, gradually becoming less defined towards the 
centre of each piece. It is only in cases where the ore is extremely dense in its natural state that 
it becomes im{>oBBible to produce this red colour duriug roasting. 

Those oresHvhieh require a clinkering heat duriug roasting should possess the bluish grey 
colour, charaotoristio not only of the magnetic oxiilc of iron, but also of the fused peroxide. 
In the case of very poor ores the colour may be niodiHed by the gangue ; but even here the eye can 
easily distinguish wnether the purer {^articles of ore have been sufficiently roasted or not. Should 
it be observed that the ore has entered into combination W'ith tiie silioeous gangue, it is an 
indication that there has been a reducing atmosphere in the roasting kiln, and that the temperature 
has been raised too rapidly to the clinkering point. Where the ore has b^n cliukered it is a good 
sign if the fractured surface of the pieoes has a shining appearance, as the clinkered peroxide 
of iron jKMSesses more brilliancy tliau the magnetic oxide. A rough exterior of eckoli piece is to be 
preferred to a smooth enamel, the latter being produced when the ore is heated too rapidly. 

The most ancient mode of roasting iron ore was to mix it with the fuel, the combustion of 
which produced the heat roc^uired. This method is necessarily very imperfect, and oaimot be 
compart with roasting in kilns furnished with separate heating apparatus or gas generators. 
Roasting in contact with fuel is speoially injurious when the ore has to bo subjected to a very high 
tem{>erature. This can only be attained by adding more fuel, so that the danger of reducing the 
ore is increased. It frequently happens that iron is reduced to the metallic state under such 
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olrouDiBtances. Another defect of this system is the diffionlty of obtaining uniformity ; much more 
care and skill are requisite to avoid loss in this respect In the first instance the proportion of fuel 
must be rightly determined and distributed ; then an excessive draught must be damped by means 
of fine ore and coal slack, and when the draught becomes too slow it must l>e accelerated. Wliere 
ore has to bo carefully roasted it must not mixed with the fuel ; but in cases wiiere it is only 
intended to drive off carbonic acid and water such a metitod may be suitable. 

In places where fuel is abundant, ore is still treated by this imperfect method of roasting in 
heaps. A level piece of ground is chosen and a foundation made upon it with fag:gots of wood. 
Upon this the ore and coal are placed, the heap thus formed being covered over with coal slack. 
The wood is then fired and fresh ore and coal are added as the fire progresses. 

Boasting in pits or enclosures is somewhat similar to the method just described. The chief 
difference is that the heap of ore and fuel is surrounded by walls, wliioh facilitate the regulation of 
the draught and economize fuel. At the same time the ore is roasted more uniformly than in 
exposed lieaps. Where the ^ound is favourable, it is advantageous to build at least one of the 
walls against the side of a hill ; but where the ground is level tlie sides of the enclosure must be 
built strong enough to sustain the weiglit of the ore and fuel. The dimensions of such pits vary 
from 115-24 ft. square, tlio height of the walls being 5-7 ft. One side is usually loft open or 
provi<led with a large aj>erture for charging and emptying the pit. 

The floor is first levelled and then coverocl with pieces of wood and faggots. Upon these a layer 
of fine coal is spread, then ore and coni alternalely. The whole heap is covered with coal slack to 
prevent the fire from rising too rapidly. In order to increase the draught in the corners, where 
it would otherwise be insufficient, pieces of wood are placed upright against the walls and are 
reinov^ as s<^)oti as the pit is filled. This method of rttnsting is necessiirily intermittent : a pit is 
filled, the fire allowed to burn out, and the ore removed when cool. Each pit requires ul>out ono 
week to burn. The amount of fuel used is very variable, and even under the most favourable 
conditions part of the oie is imperfectly calcined and must be added to the next charge. The 
roasted ore is, where fiossible, allowed to remain exposcnl to the atmosphere for seveml months, in 
order that the sulphates may be washed out by the rain. This method of roasting in pits is now 
only employed under exceptional circumstances, for instance when a new blast furnace has to bo 
starteil. 

In most cases where the ore is roasted in contact with the fuel, usually coal slack, pit kilns arc 
now used. One of tlio niost simple forms is Bchedin’s, the coustriiclion of which will be ap(>areiit 
from Figs. 1526 and 1527. The ore and fuel are fed in alternatt ly at </, Fig. 1526, and the roastctl 
ore is drawn at d when sufficiently cool. The air necessary for the combustion of the fuel enters 
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partly through d, and partly through the flue c and the incline<l grating al»ove it, K The greatest 
hejit is at the top of this kiln, c/insofjuenlly the more quickly tlio ore is drawn the more rt*gular 
will he the distribution of heat throughout the muss. But if the ore requires to Ijc calcined to the 
clinkcring point, it cannot be drawn until the whole of the fuel in the lower part of the charge is 
oonsunied. Should the mass l>ecome so cliukered that its own weight is insufficient to l)ring it 
down, it must be broken away by means of a heavy Imr of irem workwi from above Tlieio is 
chance of an interruption through clinkering in the working of this kiln if the fuel is nlJowod more 
time for complete combustion. 

The height of the kiln ehmild be so regnlatcd that the ore has etiffleient time to cool before 
amving at the tottom. If t<» high, the cost of raising the materials to the top liecomes very great. 
When the kiln is too low and the ore has to be drawn warm there is a conaidemblo loss heat 
The size must tlierefore be calculated according to the quantity of ore to bo roastwl and the 
temperature to which it must be raised. Finely divided ore must remain Jongcr in the kiln than 
lump ore, IIS the ftiel takes longer to hum completely. It is much more advuntagwus with this 
form of kiln to have the ore m pi^ of a iwall size, for if the lumps arc largo tl.^ is a greatw 
ps^ge for the air and nix^ncts of combustion in that part adjoining the wall, than in the wn^ 
and a mnseqnent xrre^ority m the wasting. The production of Bchedin’s kiln, where the ^ 
d<^ not rMuiro to be h»W to a vo^ high temperature, is about 12 truck-loads in 4* hours. About 
4 tmckloeds are emptied into the kiln at once, then a corresponding quantity of coal slack. The 
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finer particles of ore should, as much as possible, be distributed round the sides of the kiln, in order 
to counteract the tendency of the draught to break through at that spot. It is of importance to 
arrange the ore at the commencement in such a manner as to secure regularity of draught, as it is 
very aifficnlt to change the direction of the fire once it begins to break through. 

This form of kiln afibrds special facilities for roasting finely divided ore ; about two-thirds of ore 
in small pieces or powder can be mixed with one-third of lump ore. In Sweden, when very fine 
oresare to be roasted, part of the fine coal is replaced by short pieces of wood, which keep the mass 
more open. It has been found that in roasting calcareous iron ores, less sulphate of lime is formed 
in the Bchedin kiln than in others heated by separate fires or gas generators. This is partly due to 
the foot, that less sulphuric acid is formed when sulphides are roasted in contact with carbon, than 
when gases only are tlie heating agents. Another advantage is, that the zone of greatest heat 
being situated at the top of the charge, the sulphuric acid evolved passes through a thinner layer 
of calcareous matter than where the heat is applied below. 

Some of the Swedish ores are so pure that the only injurious substance contained in them is a 
small proportion of sulphur. It was found that this impurity could not be completely removed in 
the old ibrm of kiln, and numerous experiments were tried with different kinds of kilns. Sefstrbm 
appears to have been one of the first to construct a calcining kiln in which the fuel did not come 
into actual contact with the ore. His form of kiln did not^ however, succeed in practice, chiefly 
bemuse, the greatest heat being in the centre, the ore clinkerod at that spot and could not be 
reached and broken away by an iron rod. 

Sefstrom's kiln came into use contemporaneously with von Ulir’s, wliich is shown in Figs. 1528 and 
1529. The five furnaces a are built into the walls of the kiln. The bottom of the ashpit d forms 
the roof of the draw-hole c. *This arrangement does not utilize the heat to the fullest extent, as the 
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ore has to be drawn hot ; but it has the great advantage that the interior of the kiln is easily 
accessible, so that a full clinkering heat may be applied. The working of this form of kiln much 
resembles that of West man’s gas-kiln described below. 

The first calcining kilns in Sweden to utilize the gases from the blast furnace were those of 
Starhack. The details of construction are given in Figs. 1530, 1531. The gases enter at the holes 
6, while the calcined ore is drawn out at «. • 

Numerous endeavours were made to improve upon this form of kiln and to develop the idea of 
the ntilization of the blast furnace gases. The most successful construction was that of Clnson, 
still in frequent use, esiiecially in Sweden, where it is better known by the name of the Tenniuge 
kiln, from the place whore it was first erected. 

Figs. 1532 and 15.33 show the arrangement of this kiln in its present shape. The waste gases 
from the blast furnace enter through the pipe a, which discharges them into the circular fine 6, c is 
a recess for the reception of ashes, and d an o|)ening for cleaning the flue itself. From h the gases 
rise through the vertical flues e into the openings /, which admit them into the kiln. The amount 
of gas entering is regulated by means of the bricks which slide backwards and forwards. Above 
the oimnings / aro other apertures A, through which olinkered masses of ore can Ije broken loose by 
means of an iron bar. At a considerable depth below the gas inlets aro the four draw-holes t. 
The top, k, is open ; hut all other orifices are closed by cast-iron doors. 

The Tennin^ kiln possesses the great advantages over Sohedin’s, tliat the calcination can be 
made more oxidizing and that there is considerable economy in fuel, waste heat alone bein^ used. 
It has, however, several defects, one of the most serious of which is that when the heat is raised to 
the clinkering point the ore is liable to cake and cannot be brought to run down regularly. The 
kiln must then he stopped and the masses adhering to the walls broken away. To avoid this it is 
necessary that the contents of the kiln should be easily accessible in the neighbourhood of the 
gas inlets ; but this is difficult to attain without completely altering the construction. 

It has been found in practice that the ore is not <}uite uniformly roasted in this kiln. The clrief 
reason for this seems to bo that the source of heat is adjoining the exterior walls, so that there 
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must be a diminution of temperature towards the centre of the mass of ore. The flame and the 
heat^ products of combustion may, if the draught be good, ascend in the direction of the dotted 
lines, Fig. 1532 ; but even in this, the most favourable case, it is evident that their temperature 
must have considerably diminished beft)re they reach tlie centre. The greatest heat must, tliere^ 
fore, nlwavs prevail in a belt adjoining the wall of the kiln. The ore which passes down through 
this roasting belt is well oalcine<l, and the best method to secure uniforinity would bo to draw those 
portions of tlie ore only which have passed 
through tills belt or zone. The construction 


of the Tenninge kiln, however, renders this 
impossible, as the ore from the centre slides 
down towards the outlets mixed with that from 
the periphery. Various modiflcations have 
been proposed to remedy this defect, of all of 
w^hich that of A. Janason appears to have met 
with most success. A cast-iron pipe 5-6 ft. 
long, and 5-6 in. internal diameter, haings down 
into the centre of the kiln. The pipe being 
empty and surrounded by ore, the draught is 
strongest immediately underneath it, and the 
gases are drawn towards the centre sooner 
than would otherwise bo the case. By this 
means the width of the roasting girdle is in* 
creased. The central draught can be regu- 
lated by means of a brick placed upon the upper 
end of the tube. 

This form of calcining kiln is undoubtedly 
advantageous for ores containing little sulphur, 
and wliieh do not therefore require a high tein- 
peratiire during roasting. With such ores the 
presence of a few lumps of badly roasted ma- 
terial is seldom injurious. The Tenninge kiln 
has this advantage over Westman’s kiln, tlnit 
the amount of gas wasted is not so great, the 
heat being more economically applied in the 
lower part of tlie kiln. In spite of this the 
Tenninge construction is gradually being sufier- 
seded in Sweden by that of Westinan. The 
chief reason for this ap|)ears to Ix’ that the ores 
are required to V»e free from siilj)hur befyre they 
enter the blast furnace, and there are few places 
where the mineral is fo'ind sutKciently pure to 
be advantageously calcined in the Tenninge 
kiln. Westraair.s kiln, on the other hand, is 
caj)able of removing the sulphur from ores 
containing a considerable quantity of pyrites. 
It has been already mentioned that a clinker- 
iiig heat is necessary in calcining ores containing 
lime and pyrites at the same time. The? mineral 
of the Dannernora district is of this nature, and 
it was here that the first Westman kiln was 
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built. A Tenninge kiln was construetecl at 
Sikierfors under the sujHjrintendence of C. West- 
man. As soon as it ivas siarte<l, Westman found 
that the ore could not be roasted in it so 
thoroughly as in the Uhr kiln, which had pre- 
viously in use. lie Ciune to the conclu- 

sion that this was not due to the fuel ; but to 
the difficulty in obtaining access to the ore in 
c«insequence of the c^mst ruction of the kiln. 

Westman then proposcid and built another form 
of kiln, which, altliough differing in some de- 
tails, was yet the same, as reganls the funda- 
mental principle, as that now in use. 

The present form of Westnian's calcining kiln 
is given in Figs. 1534 to 1538, Fig. 1534 being a 
sectional elevation taken through the line CAB 
of Fig. 1535. Fig. 1637 is a plan thnmgh V K, ** 

the right half of Fig. 1536 a plan on FG, the left half parti v on II I and partly on K L, the uuner 
portion of Fig. 1535 to the left plan on N M, the lower i>ortion jdau on O P. and the right plan 
on QR of Fig. 1534, respectively. Fig. 1538 relates to a *letail of the lower iK>rtion. To prevent 
the ore from hanging against the sides wht n clinkered together the lower part is mode wider than 
the upper. The blast furnace gases enter the annular cast-iron pifie c through the vertical pipes a. 
They are then distributed by means of the horizontal pipes J through the ojicningH / into the kiln 
The supply is regulated partly by valves in the main, jiartly by cast-iron idates which can be 
moved backwards and forwards over the apertures c. The draw-holes h are so situated undemontii 
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/that the ore can be reached in any part by means of iron bars. The vertical distance between 
the draw-holes and the apertures for the admission of gas is very slight, the latter being situated 
immediately above the iron girders </. Ah near above f os is consistent with the strength of the 
kiln are the holes A, through which tors can be inserted to loosen the char^. Above these again 
is another row of holes i for the same purpose. These holes are all placed so close together that 
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the contents of the kiln are as accessible at their level as below/. Above % are several rows of 
holes M for observing the progrt'ss of the roasting. All apertures are provided ivi^ cast-iron doors. 
The doors of the draw-holes ore furnished with live smt^ holes for the admission of air ; these can 
be closed by m^is of slides when necessary. The top of the kiln is closed by a lid which is 
opened automatically by the small truck m as soon os ore is raised to the top. m runs between two 
cast-iron pipes n, which communicate with the kiln, and are surmounted by the cast-iron case o. 
Upon 0 is fixed a chimney p, the draught tlirough which can be regulate by the damper q, 
Sometimes Westman’s kiln is built without chimney, the top being left open like the Tenninge 
kiln. 

The shortness of the space between the draw-holes and the gas aporturos is of the greatest 
importance in working ores which require a olinkering heat. When the charge is not accessible in 
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the immediate neighbourhood of the soiurce of heat, it is Tery liable to oake in such a manner as 
to stop the working of the kiln. Although in Westman’s kiln the greatest heat is at the sides* 
similar to the Tenuinge constmctioii, yet the cone of badly-roasted ore in the centre is much 
smaller, as may be seen from the dotted lines Pig. 1533. The heat has more aocess to tlie ore, 
so that the calcining takes place more uniformly. In breaking down the ore from the holes above 
the ^8 inlets the centre cone 
can be allowed to remain, so 

that the proportion of imper- ^ n— --i 

fectly roasted ore is reduced to V 

a minimum. One disadvan- ^ 

toge of the proximity of the 

gas inlets to the draw-holes is 

the necessity of drawing the 

ore while still hot. A con- 

siderable amount of heat is / / 

thus Inst, which is utilized in / 

the Tenuinge kiln to heat the / 

air necessary for combustion. / 

The great number of ubserva- / / \ 

t ion holes facilitates the break- rf / Ajfci|feJv^/ ^ 

ing up of clinkered masses of jf I x 

ore to such an extent that J I j4 I I ^ 

there is no danger of stoppage T A 

from this source. It is, how- 4 \ iQ 

ever, advisable to reduce the \ \ 
number of these holes as much ^ 
lis is consistent with efhciency, 

liecauso there is a conshlernbie \\ 9 X b 

loss of h^t from radiation \ \ X^rVv^CHC. ^ 

thremgh the cast-iron docirs. 

M^itli some ores, which are not TI 

require<l to clinker during 

calcination, the upper series of ^ V 

apertures may be omitted or m ^ y ■* *''jj r»****^ 

tlieir number reduced. The \ ..i i 

girders upon which the oro 

rests are sometimes made hollow, so that they may be cooled by air circulating ilirougli them. 
The number of draw-holes may vary from five to eight ; for each draw-bole there are two giis 
inlets. The average production of a Westman kiln is about 4^ tons in 24 hours for each dniw-bol©. 
Although the size of the kiln may be increabcd where a large quantity of ore is to bo roasted, yet 
there is no advantage in going be- 
yond eight draw-holes, because the ’ 

material in the centre would be im- 

perfectly calcined were the diameter \ 

of the kiln too great. In a'orkiiig 
Westmau’s kiln, several precautions 
must be taken. In the first place, 

all hollow spaces in the charge must ^ ^ 

be avoided as much as possible. The !J / ‘ 

K>aHted oro should be withdrawn /J / 

regularly, so that the su|>erincum- Y / f jf ' 5^1^ 

bent portions can settle down gradu- / 

ally. If this were not attended to, / / 

some parts of the ore would be more f ^ I J 

calcined than others. The ore { |^) L-f. ..ixij'j „ 

which lies at the bottom of the draw- j 

hole is first removed with the help I I Smm^M 

of an iron rake. A further quantity \ \ 

is then broken down by another \ \ \ 

workman stationed at the openings 

above the draw-bole. Where the 

ore is much clinkered during cal- V\ 

cination three men may be neces- ^l\ 

sary ; but ^ two are usually sufficient. 

In breaking down the ore, care 
should be tf&en that it does not fall 

in very large lumps, these being J 

difficult to remove from the girders. — sia a M> — 

As soon as sufficient or© has been ^ 

^nte|r“ ^ brought down by means of bars applied tbrough tba upper 

The waste gas produ^ by the blast furnace is very variable in composition. The ratio of tbo 
carbonic acid to the cartontc oxide may oscillate between 1-8 and 0'35 by weight. The creator 
the proportion of carbonic acid, the more perfect haa been the utilization of the fuel in the blast 
furnace ; but the worse for beating purposes is the gas produced. In tbo combustion of tt© gas 
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An excess of either carbonic acid or air is injurious, as they would absorb heat, without aiding in 
thepitKiuotion of it. As, however, the heat must be oxidizing, a certain excess of air is requisite 
in Westman’s kiln. The gas enters with a slight pressure, which may equal a column of about i in. 
of water. The appearance of the flame as it enters the kiln is a good indication whether tlie supply 
of air is sufficient or not. The farther the flame penetrates into the kiln, the more air is passing 
through ; but if it tries to escape outwards, it is a sign of a block in the kiln. It might, at first 

153S. 


sight, appear that the heat would be greatt*8t where the gas comes info contact with tin.* ore ; but it 
is found in practice that this is not the case; but that the highest temperature prevails at a more 
elevated iK>iiit, where the gas bcoofnt s mixed with sufficient air to ensure perfect combustion. The 
less draught there is in tlio kiln, the lower will lie the zone of heat, and the darker will be the 
ap{)onrance of the ore when examined thrfiugh the apertures adjoining the gas inlets. If, liowever, 
roasted ore has just Ix^eii withdrawn frfim the kilu the heat of the ore opjwsite tlie gas inlets will 
appear greater then if examined some time afterwards. It is of grcuit iinjwtance to muiutaiii the 
dimensions of the roasting zone, or annular space of maximum heat, constant. Variations may 
take place either in a vertical or burizuntal <Urection. The chief CHiises which tend to increase 
the height of the roasting zone are: Increasing the draught in the kiln by opening the damper; 
coarser ore; a shorter column of ore ; a higher temperature in the upjX'T part of the kilu ; colder 
weather; and, finally, the addition of coal slack, provi<ie<l it burns in the upjxir part of the kiln. 
Diuiiuishing the amount of ore drawn also tends to raise the roasting zone. The zone of greatest 
heat will sink when the contrary of the above conditions prevails, alsuwdieii the ores clinker easily, 
or when they contain a large proportion of* pyrites. In tlie latter ease, the sulphur of the pyrites 
acts as fuel, increiising the temp<»rature in the interior of the charge. Tlie horizontal thickness 
of the roasting zone can bo altered by the method of bn-aking away the ore with bars. If the bars 
are worked os far as the centre cone the zone will attain its greatest thickness; if only a small 
IKirtion of the clinkorod ore bo broken away, then the zone will become narrower. Each kind of 
ore rec|uires a different thickness of roasting zone. Once this thickness has become altered, it is 
liable to still further cliang(% so that the amount of ore badly roasted may L>o very considerable. 
'When the draught in the kiln is too greiU the temiierature of the ore opposite the gas inlets will bo 
low, and an inexpc^ricnced workman, finding the ore cool at the draw-holes, is apt to think tliat it 
is insufficiently roasted, and to cease drawing. This will, however, only increase tiie temperature in 
the upjxsr part of the kiln, a«d aggravate the error instead of remedying it. In such a case the 
ore may clinker in the up[K*r part of the kiln to so great an extent that it cannot be brought 
down. The gas must then be turned off and, as soon as the eliukcrod ore begins to cool, it will fall 
to ]>ioces. 

A good chimney provided with a valve or damper is essential in working the kiln. Where a 
ehiimioy is alisent, the size of the lumps of ore is the only means of regulating the draught, and 
even with a chimney it is necessary to take this into account. Various minor causes may effect 
the draught, and these can only be oounteraett'd effectually with the help of a chimney. For 
instunoo, the draught is usually greateT during the night than in the daytime, owing to the 
reduced temperature of the atmosphere. lu some cases, the blast furnace may not supply a 
sufficient (|uautity of gas. Wlieii this happens, the roasting zone becomes so narrow that the ore 
will not clinker. An addition of coal slack then becomes necessary in the proportion of 1 part of 
coal to 8 or 12 parts of ore. Ores which are very easily fuseil, and contain at the same time a 
considerable quantity of pyrites, may require a second roasting before they are sufficiently free 
from sulphur. When much lime is present in the ore, the depth of the roasting zone must be 
diminished as much as possible. In order to produce a certain quantity of ore in a given time two 
methods are available. Either largo quantities of ore can be drawn at long intervals or small 
quantities at short intervals. The time between each drawing may therefore vary la-tween 1 and 

hours. Much depends upon the character of the ore to be calcined. In general, the greater 
the heat to which tlie charge is subjected, the more frequently must portions of it be withdrawn, 
while ores which do not require a clinkering heat may be taken out in larger (quantities. It must 
be remembered that each time ore is removed the roasting zone sinks a proportionate distance. It 
then rises again ^dually until the operation is repented. 

Should any cTiaugo become necessary in the cLaraoter of the ore to be roasted^ it must take 
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place ^flually by adding little by little portions of the now ore. If the temperature required for 
the calcination of the new ore bo dilfereiit, the supply of and the draught must be regulated 
as the character of the charge changes. The roasting of mixed ores requires great care ; those of 
a calcareous nature must not l>e mixed with others whoso gungue is siliceous, especially if the latter 
be rich in pyrites. The mixing takes place in the kiln itself, by tipping in a certain number of 
truck-loads of each kind of nre. The whole of the ore should not be tip^H'd into the same spot in 
the kiln, Ijecause the finer particles would remain at the place where they fell, while the larger 
pieces would roil towards the sidi^s of the kilu. Very fine ore has such an infiuenoe upon the 
calcination that the greatest care must he bestowed ui>on its uniform distribution. When the ore 
is very dusty, the finer portions have a tendency to fall through between the lumps in such n way 
that they may arrive at the dra \v -holes before they are snfliciently calcined. If, therefore, very 
fine ore be tipp(.*<l on one side f)f the kiln, the roasting zone will become depressed on that side, 
nor can any increase of draught prevent this from occurring. The only remedy is to draw more 
i>ro on the opposite bide. 

In setting fire to a Westman's kiln for tlie first time, some preliminary steps are necessary. 
The gas inlets and other openings are filled with firewood, to prevent injury t<.> the comers from 
the falling ore. The bottom of the kiln is covered with a layer of ore 2 ft. to 3 ft. deep. Ui,K)n 
this the ore is then lijiped, with a small proportion of coal slock. Sometimes it becomes necessary 
to sot fire to a kiln which is already charg^ with ore. In such a case the l> 08 t plan is to insert 
firew<)od throngli the gas inlets and other u|H‘rtures. The combustion of this wood will then 
produce sufficient draiigiit in the kiln to permit the operation to be conducted in the ordinary 
manner. The ore which is drawn out ut first is necessarily imi>erfectly roasted. It should 
be allowed to cool before returning to the kiln, for if it were introduced warm into the 
upper space the draught would be increased and the roasting zone would consequently rise. 
Where there is any choice of ore, that which clinkers most easily should bo selected for starting 
the kiln. 


Even with the most perfect calcining kiln, portions of the ore will sometimes pass through 
im|>erfectly roasted. With 
many kinds of ores this is 

not of great importance ; but T 

where the raw material con- 
tains a considerable proper- 
tion of sulphur, the badly 

riiasted pieces must be ]>icked I & 1 

out by hand ami rotunicd to I PI f 1 n I 

the kiln. Should the who o Q v'-'' 1 LAJ I 

contents of the kiln be in- f ■ 

sufficiently roiibted. it may |C/K/ 

sometimes become necessary 

tr» pick out the cliukered i)uces and to calcine if 4 

the residue again. t 

The blast furnaces of the li-ematito district I « 1 

arc much the s<ime ns those at work in (Jlcveland, 9 

but the afq>lianc( s for working them are not 1 -; i / 3 

iKSually quite so good. Those at W’ork iit Harrow | , /i 

may be taiken a.s a fair type of most haematite p ^ 

furnaces as to size and ca|)aeity ; they an; aljout r\ ,, Wm 

55 ft. high and IG ft. diameter at the lx>shes, I , - 

having a capacity of about 9000-10,000 cubic ft. fc ■ ^ M 

The furnaces at the Furness Iron and Steel I 

Works, Asknni. are 07 ft. high and 19 ft. diameter t v 

at the bfishes, tnfxiring to IH ft. below the gas f 4 

outlet. Figs. 1.540 to 1542; and they have a f 

capacity of l.'blOO cubic ft., which is stated to be ^ 

greater than that of any other ha3nintite furnaces I 1 

at present working. The various attempts which 

have betm made to work larger furnaccis for 

hfcmatitc ores do not seem to have lieen attended ' VS' 

with buch succe.s.s as to justify the erection of L; 

others ; and in one or two instances wh<!re fur- I ym 

naces of 75 ft. licdght have been erected, the re- 

suits obtained have been to unsatisfactory that 

the furnaces have been blown out and the height ^ 

diminished to .55 or CO ft. The Askam furnaces ! 

of G7 ft. height did not work well for some j T‘ jiA ^ ''‘T 

time when they were first blown in ; the cause j — — —JT 

of their bad working was atiributetl to the J 

smallness of the charging belLs in proportion to ^ ^ y '' 

the width of the furnaces, and consequently ^ 

larger bells were substituted. These furnaces ir J v ms* 

work with great , regularity, each prcxlucing * ' «"■< 

weekly from 400-460 tf^ns of iron, a large proportion being of a quality suitable for Bessomer 
converters. 


proportion being of a quality suitable for Bessomer 


Tho general fonn of those furnaces is shown in Figs. 15.<10 to 1541, and tlio piiuclpal dimensions 
arc as follows j — * * 
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Htight 

Diatuetor at boshes 

• „ throat 

hearth 

Heating surface 

Nuinb«.*r of tuyeres 

Area of blast inlet 

Pressure of blast at engine • . 

„ „ tuyeres .. 

Area of gas outlet 

Diameter of charging bell 
Weekly make of iron each furnace 


67 ft. 


JO ,, 

7 „ 

5500 square ft. 
6 

75 square in. 
31b. 

2| lb. 

18 square ft. 
12 ft. 6 in. 
400-460 tons. 


The arrangement of furnace top shown in Fig. 1542, or some modification of it, is usually 
adopted where the gas from ox)en-toppt*d heematite furnaces is utilized, the gas being taken off 
through a series of openings round the furnace throat, wliich is contracted in ^ameter more 


1541. 



abniptly at that part. This construction 
is found to answer tlu^ puriwise of tUs- 
tributing the materials very fairly, and at 
tJic same time of taking off a largo projwr- 
tion of tlio gas to the stoves and l>oiler8, but 
it can only 1 m looked u)>oii as a compromise. 
A scmi>cloBed top is uso<l at the Harrow 
furnaces, in which the gas is taken off 
through a central gas tube as well as 
tiirougli openings round the furnace throat. 

Of the materials used in the production of 
hmnatite iron the principal is Uio hiematitc 
ore, found in North I^ancashire and Cum- 
berland, which occurs in two varieties, 
one hard, compact, and almost free from 
moisture, and the other soft and wet. Tlio 
hard ore is almost invariably used in the 
production of hfomatite jiig iron, and is 
therefore called blast ore; while tlio softer 
quality is ust'd for fettling puddling furnaces, 
and is called puddling ort\ The blast ore 
of Whitehaven and Furness does not <Uffer 


1542. 



much in qmility, both districts yielding good 
and bad varieties; but tiie best Whitehaven 

ores are richer in iron than the best Furness ores. In Furness the poorer blast ores usually 
contain a^iut 45 por cent, of metallic iron, while the better qualities run up to 57, and in some 
cases 60 por cent. ; in Whitehaven tlio potirer ores contain about 50 per cent, of metallic iron, 
and the best run up to 60 or 65 per cent. ; but the average percentage of iron in the ores used in 
both districts is probably between 57 and 60 per cent. 

In this ore the principal impurity is silica ; and uuliko the Cleveland and most other ores, it does 
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not contain any alumina. It is therefore thought desirable at many plaoM to mix it with aluminous 
ores, for the purpose of producing a better slag, and also in order to obtain greater regularity in the 
working of the furnace. The addition of these aluminous ores also gives the means of controlling 
in some measure the percentage of silica in the iron. 

Tlie aluminous ores are also obtained from Ireland, and are so readily accessible that they can 
be had at a reasonable cost. Three principal varieties of Irish ores are u^ in the manufacture of 
hfeiuatite iron, and these are fairly represented by the three ores known as littiomarge, ^ 
aluminous iron ore, and black nodular iron ore. The accompanying table shows their respective 
composition ; — 

Analysis of Aluminous Iron Orbs. 



Lithomarge. 

; Red Aluminous 
j Ore from Larue. 

' 

Black Nodular 
Ore from 
Red Bay. 


per cent. 

i iier cent. 

per c*‘nt. 

Silica 

30-70 

i 11-25 

6-09 

Alumina .. .. : 

27-05 

35-61 

20-87 

Titanic ucitl 

trace 

trace 

0-75 

Peroxide of iron 

25-05 

, 34-65 

71-63 

Protoxide of iron 

trace 

, none 

0-68 

Magnesia and lime .. . 

1-11 

! trace 

trace 

Water of combination .. 

15-85 

! 16-30 

1-15 


9'J-7« 

97-81 1 

100-58 

Percentage of metallic iron .. | 

17-53 

, 24-25 

50-67 


From this it will be seen that the proportion of alumina to silica in the lithomarge is about in e<]ual 

Q uantities, being 27 and 30 per cent, while in the aluminous ore from Larne, and the black nodiilur 
rom lied Bay it is about 3-1 ; the red variety containing about 35 per cent, of alumina against 
20 per cent, in the black nodular. 

The lithomarge has been longest in use, and is preferred at some w^orks; but some )>clicvc the 
other two varieties to be better for most purposes, because the percentage of silica in Uie lithomarge 
is so high in proportion to the alumina that a very hirge quantity of the ore must l>e uml to produce 
any appreciable difference in thc^ corn]x>8itiou of the slag, and in the smelting of the materials in 
the furnace. A still more serious olyection to the lithomarge is the high percentage of moisture 
it contain^ which must have a very injurious effect in ox*oling the escaping gases of the furnace, 
and thus increasing the consumption of fuel a ton of iron. In addition, uiuroover, to containing 
water of combination, lithomarge has a great attraction for moisture, and generally contains from 
5-10 per cent, of hygroscopic water, which has also to be vaporiz^nl and niisod tf) the teruperaluro 
of tlie escaping gases ; and if to this be added the cc)ke ret]uisite for melting 4 cwt. of material 
which can scarcely be called iron, the total loss of fuel amounts U* at least ^ cwt. of coke to the ton 
of iron made; meaning a reduced make, and therefore an increased cost not fully represented by tliu 
increased consumption of coke alone. 

The red aluminous ore has also the disadvantage of containing usmilly al)out 15 or 1C j>er cent, 
of moisture ; not only causing a waste of fuel, as in the case of the lithomarge, but the re<l ore 
having also a tendency to foil to powder, the contained moisture causes it then to assume a pasty 
condition, which leads to bad distribution of the materials in the furnace, and the ore is thus 
mechanically objectionable. The black nodular ore from Rod Bay is free from the objection of 
containing combined water, and owing to the com|mct character of the nodules it does not so readily 
absorb moisture as either lithomarge or red aluminous ore ; and os it contains a high ]>ercetitage 
of iron, amounting to us much as 50 per cent, of metallic iron, with a large excess of alumina over 
silica, the proportions of the two being 20 and C j)or c<,nt. resj>cctively, it affords the means of 
neutralizing the effect of the silica in the haDmatite ore, without increasing the consumption of fuel 
a ton of iron made, or diminishing the make of the furnace. 

The haematite ore being found in a limestone formation atid worked in the district, there is a 
plentiful supply of good and cheap limestone. Tliat used at Askam is obtained from a ueighlx>uriijg 
quarry at Stointon, and has the following composition ; — 


Analysis of Stainton Limestone. 


Carbonate of lime 

Carbr^nate of magnesia 

Silica 

Oxide of iron, and alumina 

.. 95-00 per cctii. 
.. .. 4-20 „ 

.. .. 0-50 „ 

.. .. 0-30 


100-00 


• The coke ui^ in the F^me* dtatrkrt I. almoet entirely obtained from the Durham coalfield 
“1“ qwJity. The average oompogition of the coke used at Asl^ is m 
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Bulphur 

AhIi 

Moisture and loss 
Carbon by difference 


0*70 per cent. 
5*00 „ 

0*92 „ 

93-38 


100-00 


^ In working a material so difficult to deal with as the hsomatite ore, the first and most important 
point to be attended to is the proper distribution of the materials in the furnace. In the open- 
topped and semi-closed furnaces this is easily done by keeping the furnace always full to the same 
height^ and putting in small charges in rc^lar rotation. In the case of close-topped furnaces 
the same object is accomplished, citlier by taking care to have the charging bell properly propor- 
tioned to the diameter of the furnace, or else by gauging at frequent intervals with an iron rod, 
in order to make sure that the materials shall never be above or below the height which has 
been proved by experience to give the most satisfactory results. The gauging must be done not 
only at one but at various points round the circumferencti of the furnace, as it is found that there is 
a tendency at times to drive unequally on different sides ; and * this may bo counteracted by 
regulating the supply of blast by means of a valve fixed to each tuyere. It is also necessary to 
prevent the ore being charged in too large pieces ; otherwise it is found excessively difficult, owing 
to the compact nature of the ore, to ensure its perfect reduction before it reaches the part of the 
furnace at which it is melted. 

A further difficulty is met with in keeping the tuyere breasts good, as any fretting at these 
places leads to the necessity for changing the tuyeres, and consequently occasions irregularity of 
working in the furnace. 'I'o obviate this as much as possible, the construction of tuyere and tuyere- 
breasts shown in Figs. 1543, 1544, has been 
a<lr>pted at Furness, consisting of a close double 
coil of w-ater pipe ; the large outer cx)il A A is 
14 inches diameter and of the depth of the 
tuyere-breast, and in the centre of it the tuyere 
B is packed with clay CC ; in the event of the 
tuvere leaking, it can then be easily removed by 
taking out the clay, and another tuyere can be 
substituted, the whole process of changing the 
tuyere occupying only from ten to fifteen 
minutes. As nothing interferes so much with 
thc^ regularity of working of a blast furnace as 
trouble with the tuyere-breasts and changing 
the tuyeres, this plan has proved to l>eof consider- 
able value in removing those sources of difficulty. 

The result of the working of the Askam 
No. 2 furnace, of G7 ft, height, 19 ft, diameter, 
and 13,100 cub. ft. capacity, bos been found tube 
a cousumption of 22i cwt. of coke a ton of iion 
made when w'orking on Bessemer iron and 
using the Askam ore mixed with about 10 per 




cent, of black nodular ironstone, known as Fisher’^s Red Bay ore, and fluxed wiUi 9J owt. of lime* 
stone a ton of iron made. The average temperature of the blast during a considerable period of 
observation was 934® F., and that of tEo escaping gases at the furnace top about 712® F. 
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The oompoeition of the escaping gases has been found by analysis after drying them to be as 
follows, at a time when the temperature was 732® F., and that of the blast 968® ; — 


Analysis op Escaping Gases pboh Askam Blast Fubnaob. 



By Volume. 

By Weight. 

Nitrogen 

Carbonic oxide 

Carbonic acid 

Hydrogen 

per conL 

54*51 

84*97 

8*36 

2*16 

per cent 

52 *^>9 
83*80 
13*47 

0*14 


100-00 1 

100*00 


The weight of the escaping gases is 120 cwt. to the ton of iron made, aud the quantity of heat 
carried off by them when escaping at the temperature of 732® F. amounts consequently to 
22,669 F.-cwt.-units, one such unit being the quantity of heat required hi raise 1 cwt. of water 
through 1 degree of temperature F. The weight of blast supplied to the furnace is 82} cwt. to 
the ton of iron made, which at the temperature of 968® F. introduces into the furnace 19,176 units 
of heat : this is in the proportion of about 85 per cent, of the heat that is carried off by the escaping 
gases. 

The total quantity of heat produced in tlic Askam furnace by the oombustinn of the coke 
and by the blast amounts to 150,000 cwt.-i:nitH a ton of inm made, of which 40 per cent, is 
absorbed in the actual rcnluction of the iron from the ore, and 15 per cent, is carriea off in the 
escaping gases, the remainder being account^'d for by the other 0|>emtiun8 taking place within the 
furnace. 

The composition of the Bessemer and forge iron made in the furnace, and also of the slag, 
is given in the following tables — 

Analysts op Askam HjEkiATiTE Pio Iron. 



No. 1 

No. 3 

No 4 


Bessemer Iron. 

BesBcmcr Iron. ' 

Forgo iron. 

Carbon, uncombined . . 

per cent. 

. : 3*928 

per cent. 

3-377 ! 

per cent 

2-719 

,, combined 

0109 

0*469 : 

1*222 

Silicon 

2-640 

2*424 ‘ 

1*608 

Aluiuininm 

trace 

trace 

trace 

Manganese 

0 093 

0-021 

0 021 

Calcinin 

0 021 

0-050 

0*074 

Magnesium 

. trace 

trace 

tracts 

Sulphur 

0*004 

0-004 

0*031 

Phosphorus 

. 1 0014 ■ 

0-010 

0016 

Iron 

93*191 

93-645 

94*309 


100*000 

100-000 

100*000 


Analysis or Slag 

Silicii 

Alumina 

Lime 

Blfignesia 

Hulphurct of calcium 
Protoxide of iron 

Potash 

Prob^>xide of manganese 
Soda and loss . . 


FROM Askam Blast Fitinace. 


38 * 00 p<'T cent. 

1000 

9, 

42*19 

y> 

1*65 


2*45 


2 08 


1-60 


trace 


2*03 


100-00 



Th® qMiitity of coke 22i cwt. to the ton of iron mad®, ia t)io result ohtainml in makinir 
Bessemer iron, winch requires a sp^ially high intensity of heat. The same furnace making forgo 
iron would work well wiU. atout 2 cwt. loss ooko to the ton of iron ; and the tompi returo of the 
8®*®* to l»o much lower when this quality of iron is being intentionally 

&o M^ity of the ordinary blast furnace can bo increased 
mi^ially by inerting the height. I. L. Bell, m his ‘ Researches on the Chomicat Ptienomuna of 
the Blast Furnace, arrives at the following conclusions ; — 

peat impiOTtancnts in the smelting of iron were considered by Boll, namely, the use of 
heated air. and the mcrease of size in furnace. In point of lepntoUon, the hiM bSst by 
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fkr the more important j^tion ; but it will be aeeh from what has preceded that in point of real 
meHtf tn far bm eomiomizing fuel is oonoemed, Neilson’s discovery is not entitled to this distinction, 
which is one it has acquired from priority of introduction, and irom a supposed virtue believed to 
be the peculiar property of heated air. 

These observations are at t^resent limited in their application to the stage to which Bell’s inquiry 
has been brought, which consists in having proved that, in the matter of fuel consumption, a 71-ft. 
cold-blast furnace performs as perfectly os one driven with heated air, having an altitude of 53 ft. 
The 53-ft. hoi-blast furnace, it is true, turns out a larger make of iron than that blown with cold air, 
probably 200 tons a week against 120 tons, but on the other hand, the latter, without any apparatus 
to maintain or fuel to expend for heating the air, is able to do its work as efficiently, in ];>oint of 
fuel consumeil in the furnace, as the other, assisted by the more complicated appendage suggested 
by Neilson. 

It now remains to consider the prospect there is of constructing a furnace so large as to dispense 
altogether with the use of hot air, without a sacrifice of fuel used in the furnace itself; afterwards 
to examine the effect of uniting the benefit derived from a high temperature of blast with that 
obtained by enlarged capacity ; and then to test the belief expressed by many smelters that the 
blast cannot be made too hot for economical purposes, and that real progress in iron smelting 
must henceforth be looked for chiefly in that direction. 

The first portion of this inquiry has been already answered in showing that 25} cwt. of coke are 
capable of evolving 93,000 cwt. heat units, the estimated number of units required for producing a 
ton of pig iron from an ore yielding 40 per cent, of cold blast for 27} owt. of coke ; and forge iron, 
in 1834, according to Dufrenoy, was smelted in France with 25 cwt. before the use of hot air was 
suggested by Neilson. 

Thia roductioQ of 12} cwt. was, at Lillcshall, effected upon an ore only requiring, in a 53-ft. 
furnace, 40 cwt. of this combustible. Whether it would bo possible to force the air conveniently 
through a column of mah^rial so high as to be able to produce a ton of pig iron from black-band 
with 25 to 27} cwt. of coke with cold blast is a question which would demand consideration. This 
doubt arises from the circumstance that this variety of ironstone, parting with its oxygen so 
slowly, consumed in a low furnace GO cwt. of coke a ton of metal, and would therefore obviously 
demand a much larger addition to its capacitv to bring its coefficients of fusion and reduction into 
harmony with each other, than an ore only taking 40 cwt. to smelt it under the same conditions as 
to teiiiperaturo of blast. 

There remains to be considered, a furnace sufficiently large to enable tlie ascending gases to 
divest themselves of their sensible heat, and ti> l>eoome saturated with oxygen, both operations, it 
will be assumed, being effected to the extent |>ermitted by the nature of the process. Suppose, 
now, into such a furnace, instead of cold air, the blast was admitteni at a temperature of 485^ C. 
(905® F.), the same effect in point of increase of intensity would follow as happened when the blast 
was changed from cold to hot in the lesser furnace, and some of the extniordinary consequences 
supposed to bo due to this additional intensity of hetit in the hearth should manifest themselves, if 
the value of the hot blast were dependent thereon. Such, however, is not the fact ; for the furnace, 
having now sufficient capacity to permit the two functions of fusion and reduction to proceetl, in 
point of time in unison with each other, instead of one beat unit in the blast doing the work of 
tliree or four previously evolved by the fuel, each unit of heat thrown in with the air does no 
mun^ duty than one unit produced by tiic combustion of coke in the inside of the furnace. 

There is no doubt with combustible mutter of the same commercial value, it would be much simpler 
to obtain the necessary heat by the dirc'Ct action of the blast on the fuel in the hearth of the fur- 
nace. Inasmucl), however, as the air is now heated by the osciipiiig gases, or by coal of little 
worth, there is, in spite of the law just euuuciateil, a notable advantage in the source of heat ren- 
deml available by Neilson’s invention. The question, therefore, which presents itself is the extent 
to which it can be substituted for that generated by the more expensive description of fuel used 
in the furtiivot! itself. 

The chemical laws relative to this, which regulate the power of carbonic oxide to deoxidize an 
ore of iron in presence of a gas having a contrary tendency, such ns carbonic acid, impose a limit 
to the substitution of mere heat for boat accompanied by the carbonic oxitle, the generation of which 
served as its source. The quantity of carbonic acid due to tlie reduction and carbon-impregnation of 
an ore of iron is that represc^^nted by 6*58 cwt. of carbon for each ton of metal. It may be assumed 
that, if the volume of carbonic acid materially exceeds 45 volumes to 100 volumes of the lower oxide 
of carbon, reduction is nearly suspended. In pructico, however, it may be regarded as difficult, if 
not impossible, to saturate the gases with oxygen to an extent even to obtain this relation between 
tlie two oxides of carbon, owing to the slowness of the o|K*ration. As a rule, when the gases contain 
for 100 volumes of carbonic oxide 40 volumes of carbonic acid, it may be assumed that tlie process 
approaohes the extreme limit to which, in treating the ironstone of Cleveland, it can be carried. 
When tJio gases have absorbed a quantity of oxygon sufficient to establish the relations just men- 
tioned, the weight of carbon consumed will bo that represented by 21 to 21} cwt. of gi^ Durham 
coke. When this quantity of such coke is burnt to the condition of oxides in the proportions men- 
tion^, the heat evolved is not sufficient to dischar^ the demand made upon it in smelting a ton 
of iron from Cleveland stone; and tlie deficiency is exactly represented by the quantity of heat 
usually contained in the blast at any well-apjMinted furnaoe on the banka of the Tees. In other 
words, if 25} owl. of coke, burnt under favouraDle conditions, can smelt a ion of iron with cold air, 
4 owt of such ooke can be saved if into the furnace a quantity of heat can be introduced with the 
blast representing 4 cwt, in queatiou. 

Supposing, however, Uiat instead of being content with the blast being heated just enough to 
afford an economy of 4 owt., which wotdd be about 905® F,, its temperature is raised, say to 1472® F. 
This addition to the heat resources of the fumaoc will immediately be felt all over its oontents; 
and as soon as it reaches the sono of lediiction, where the temperature is such that the carbonic 
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the snnerheated carbonic acid now dissolves ooke, which is productive of loss, both from ^e cooling 
^Mt Sf the reaction and from the actual diminution of aTv 

Bell has proved this by repeated analyses, and he has invariably found, 
oessive quantity of heat was injected into the furnace with the air it re^v^, so ^d 
r^aniaty of imrbonio acid from the gases, oorresponding exactly with the needlessly liifeh tom- 

^^^h^^venVrowS^'M it were, of the gases oyer oxygen having reached its limit when 30 per 
cent of the redvSng carbonic oxide has passed into the higher state of oxidation, is a barrmr to 

farther economy, b^use reduction then practically ceases. If, however, reference w mode to the 

table of heat appropriation in Bell’s work, it will be perceived there is a low of nearly ono tontli 
of that evolvw by the sensible ht*at carried off in the escaping gases. Appiwiablo »» this is, 
it is less by one-half from a furnace of 12,000 cubic feet than it was from one of 1,000 cubic feet. 

Sniegeleisen is a pig metal which breaks into mirror-like facets, and was formerly pnxluoed by 
charocial out of manganiforous iron oi-es, its singular peculiarity being due to the presence of 
10 to 12 per cent, of manganese, on which the Bessemer process depends for its success. 1 he hot- 
blast furnaces formerly employed in Germany for the production of tins vanoty of iron wore of 
small outlines, but always in working condition. The sta^s of the well-known ^usen Stollierg 
Ironworks, and others in that vicinity, were thus built;— Total height of furnace, 35 ft. ; height 
of tuyeres above bottom, 1 ft. 3 in. ; height of hearth, 5 ft. ; height of boshes, d ft. ^ 

of tunnel iiead, 8 ft.; diameter of Ixishes, 9 ft.; diameter of upptr pwt of hearth, 2 ft. oiju; 

diameter of lower part of hearth, 1 ft. 11 in. They were worketi with hot-blast air at alKuit 800 
to 480° F., the air being forced into the furnace through two tuyeres of 2J to 
pressure of U to 1| lb. a square inch. The aveiage consumption of charcoal td the 100 lb. pig 
metal was about 118 lb. to 120 lb. ; tlie average daily protluction during the year, about 4} bms. 
In the piactical working of the furnace the spathic ores yiehlcd about 38 to 30 per cent, of iron. 
But on account of the devastation of the forests, and of the scarcity of hard wood suitetde for 
conversion ino good charcoal, this fuel, soon after 1859, provcxl insumeient to produce the 
spiegedeisen wanted, and it became necessary to replace the charcoal by cr*ke. 

In Rhenish Prussia there are a number of blast funmoes, each prothicing daily some 30 tons 
of this valuable and peculiar pig metal. The iron ores used are of four tlifferent kinds 

Red hmmatite, a very pure ore from the lieds existing on the Lahn, a large tributary of the Rhino 
at Nassau. Of this ore there are two varieties, a harder and compact mineral associaUKl with 
a calcareous gangue, and a softer and pulverulent haematite. Both varieties are entirely free from 



gives It a i)eculiar < , . . 

there being in tlie ore 50 per cent, of iron and from 10 to 15 per cent, of carbonate of lime. This 
ore is very economic in smelting, owing to the presence of limo flux in the most favourable 
conditions. The soft, pulverent ore is richer, yielding 55 to 58 jKir cent, of metallic iron in the 
practical working of the furnace. Both kinds are eiisily reduced. 

The products from decomposition of the 8|K‘Cular ore, of similar favourable constitution, and 
equally free from obnoxious mixture. It contains 8omt^ water chemically combined CiFe^Oa.SHO), 
is porous in structure, yields about 50 to 54 per cent, of iron, and is more easily reduced than any 

other ore. . , . , . . x. , 

Excellent spathic iron ore from the vicinity of ^liisen, in which a certain proportional part 
of the iron, from 8 to 14 per cent., is replacwl by manganese. All the spathic ores (FeO,C(>,) 
contain a trace of sulphur, and therefore require calcination. The calcination is effceti'd in kilns, 
Figs. 1545, 1546. In these roasting furnaces, by distributing it in alternate layers with wn.*»to 
cold, the ore is rendered porous, and easily broken into small pim?«, whereby it is more en.sily 



acted noon in the smelting furnace. The chemical constitution of the ore in the crude state is 
MnO,c62 -b 4Fe0,C04 = oxide of iron 49*01 ; oxide of manganoso, 12*43, carlionic acid, 38*56. 
The oxide of iron represents 37*85 per cent of metallic iron. By the calcining process the ore is 
ebang^ into, sosquioxide of iron, 81*89, representing 56*78 metallic iron, and sesqutoxido of 
manganese 18*11 per cent 
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An alumfnoiiB ore is need for admixture with the others to make a liquid sla^. These deposits 
of ore are from 80 to 100 mites distant from the works, and are easily acoesdble by navigation 
and by rail. 

The flux used is a veiT- pure carbonate of lime, the constituents of which are, carbonate of 
lime, 98*00; silica, 1*50; hygroscopic water, 0*50. As a reducing agent coke is used, the 
bituminous coals being purified prior to their application to the blast furnaces. The coals arc from 
the vicinity of the ironworks, and the ores are brought thither, for it is always cheaper to bring 
the iron ores to the coal than the coal to the ores. They contain a good deal of slate, ami from 
5 to 1 per cent, of sulphur, and to eliminate these noxious adherents they are subjected to a very 
careful process of grinding to the size of a hazel nut, and separating by means of water. Having 
been subjected to this process, the coals are coked in close furnaces. Figs. 1545, 1546, the charge of 
each furnace consisting of 120 bushels, covering the bottom of the furnace to a height of 18 or 20 in. 
The coking process lasts thirty-six hours, and furnishes from 57 to 60 per cent, of coke by weight, 
of porous cellular character sufficiently firm to hold up the burden of the furnace, and containing 
8 to 10 per cent, of ashes of a reddish-white or giey colour. The volatile carbonic matter of the 
coals, niter having been used to heat the partitions and floors of the coking furnaces, are suflicient 

heat the steam boilers. The air blast is supplied by two SO-horse horizontal engines, maintain- 
ing four blast furnaces, and one vertical lOO-fiorse engine for fifth furnace and for reserve. The 
blast is regulated by being passed through a reservoir 200 ft. long and 6 ft. diameter = 4654 cub. ft. 
The principal dimensions of tho horizontal engines are — diameter sietim cylinder, 3 ft. 3 in.; 
diameter blast air cylinder, 7 ft. 6 in. ; length of steam cylinder, 6 ft. ; each revolution of the 
fly-wheel would therefore give 1060 cub. ft. only ; 18 or 19 revolutions a minute, allowing 

12 per cent, for Joss by leakage, 16,800 cub. ft. The vertical engine has— diameter of steiim 
cylinder, 3 ft. 3 in. ; length of cylinder, 7 ft. 9 in. ; diameter of blast>air cylinder, 8 ft. By 

13 revolutions a minute there will be 18,000 cub. ft. of air, less 10 per cent, for leakage. Before 
being forced into the furnace, the blast air is heated by means of the gases escaping from tho 
mouth of tho furnace and collected there by means of a special apparatus. It is found that two 
lieating apparatus of tho form Figs. 1547 to 1549 are suflicient to heat the blast air of each furnace. 
There are fifty-two pipes in each apparatus of the sha^je represented, each pipe being divided, 
by means of a partition, into two parts, so that the blast air may ascend and descend in each. 
The latter are from 10 ft. to 12 ft. long, the surface exposed to the fire is 2429 sq. ft., and tlie cubic 
oouteuts of the fifty-two pi]>es 4t»() cub. ft. 

Tho dimensions of tlie blast furnaces Figs. 16.50, 1551, there being two groups of stacks, are ; — 


Dimensions of 8piegei.f.I8en Furnaces. 



No. 1 


i 

I No. 

2 . 


ft. 

in. 

ft. 

in. 

Height of furnace 

54 

0 

54 

0 

Diameter of tunnel liead 

8 

8 

9 

6 

„ „ boslu'S 

15 

‘2 

15 


„ „ hearth, upper end 

4 

9 

,3 

lU 

,, „ ,, lower end 

4 

9 

2 

10 

Height of liearth 

6 

3 

1 7 

9.J 

„ „ boshes 

11 

9 

i 


„ „ Centro of tuyeres above bottom 

Inclination of tlie lioshes, 5(P 

2 

5 

2 

5 

Square contents of the mouth 

59 ’ 

0 

72* 

0 

M « „ lK>shes 

Cubic contents of tho whole furnaeo 

180 

0 

183 

0 


0 

5910 

1 

0 


Tho Ixitiom and lower parts of the hearth, up to 3 ft. alwve the tuyeres, are built with pudding- 
stone froraMarchin, in tho Ardennes, Belgium ; and for the upperdu arth Itoshes and tunnel of the 
furnace, Ardennes fireclay bricks are used. It must be rcmcmbtjrod tliat spiegeleisen is chemically 
com]K)scd of four parts iron with one part carbon Fc^C, and that the combination is only formed 
during the r^riud of tho smelting process which follows immediately after the deoxidation of the 
iron ores. To fulfil tlie conditions under which this combination of iron and carbonic matter 
can take place, it is absolutely necessary tiiat the mixture of ores and flux be of tho most fusible 
nature, so as to allow of the accumulation of the charge, in proportion to a fixed amount of coke, 
to such a degree that tlie smelting and separation of the iron fn>m tlie slag occurs at a point as 
near as {Kisaible to the tuyeres. It is safe to say that this separation, when resulting at a higher 
place in the hearth, would give tt>o great an opportunity for the carbonic acid gas to carry oflf 
some of the carbonic matter from tlio iron, chan^ng itself into carbonic oxide, and i^ucing at tho 
same time the constitution of the spiegeleisen, Fe^C, tt> a lower grade of carbonization. The tem- 
perature at which tlie specular iron melts is calculate<l = 3582^ F. It is therefore found necessary 
that tlio charges should bo composed of red hfematite, 30 per cent. ; spathic ore, 38 per cent. ; 
decomposed brown ore, 20 per cent. ; and aluminous ore, 12 per cent., yielding 40 to 50 per cent, 
metallic iron in the praoitcal working of the blast furnace, and to <^ate the needed fusible slag 
there was added from 32 to 40 per cent, of lime. Each charge consisted of 1860 lb. coke, 2800 to 
8200 lb. of mixed ore, and 800 to 960 lb. of carbonate of lime. Tho furnace carries thirty-five to 
forty charges in the twenty-four hours, and yields an average of 60,000 lb., or 80 tons a day. 
For 1 ton of pig metal there was used 2 tons of iron ores, nearly 13 cwt. of fluxing materials, and 
IJ ton of coke. The blast air, with a temperaturcrof 680*^ to 660° F., is forced into the furnace at a 
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pressure of 2} to Sib. a sq. in. at the engiuo, and of 2*2 to 2*6 at the tuyeres. Out of the 
tuyeres. Fig. 1551, two are ou opposite sides and one at the roar of the furnace ; each one declined 
a few degrees from the centre of the hearth, so as to force the blast air into a kind of whirlwind, 
whicli is considered the best way of distributing the compressed air through the smelting and com* 
bustible mass. 

1550 . 


1547 . 



The dimensions and shape of the tiiyoros for tlio bla.^t furnace vary jarreatly in different <li8triet8: 
but until recently all tlie tuyeres in use, nineethe intnwiuction of hot bla.st first n<‘cei‘sitated a water 
tuyere, may be classed under two heads, the coiled tuyere and the \vattT-jacketf*d tuyere. 

The coiled tuyere is generally made of a e<»il of wi-oujrld-inm fid>e imbc^iided in the sides of a 
hollow cone of cast iron. Sometime.^ the coils are wound close at tiie iK»se of the tuyer(\ in order 
more effectually to prevent the cast iron from burning ; ninl sonielimes the tuyere itself is formed 
entirely of a coil of tutie, closely wound from end to einl. This form of tuyere is ilhistrahMl in 
Figs. 1552 to 1555, Figs. 155.3 and 1555 showing llio C(»ll in section. 



Tlie water-jacketed tuyere is generally made of wrought iron, and con.si.Mt.‘4 <»r two cf»nieal tnlK>s 
of different diameter, connected at each end by rings of wrought iron weldefl in, sr» forming a 
between the two concentric walls of the tuyere, which is fi'led with wat« r supplied nmler presniirei 
and generally brought in through a feed-pi jk* at or near the bottom r»f the tuyere, and fdlowcHl to 
escape through a second pipe in the npjjor side. Figs. 1,5.'M> to 1551) are tnyen's of tbiM dtTsrTiptifm ; 
Fig. 1557 the ordinary wrought-iron tuyeres and Fig. 1559 the gun-nietal tuvero introduced by 
Sf>lly. ' ^ 

1567 . 1558 . 1 . 55 ». 



A water-jacketed tuyere. Figs. 1560, 1561, is very much use<l on the continent of Kiirope • it 
IS mado4>f wrought copper, the inner tul^e being brazed in, and a wrought-iron ring either bniZed or 
riveted in at the rear end. 

Figs, 1562, 1563 are of the phosphor-bronze tuyere. These tuyeres are generull y flxcil in a cast- 
iron casing, beyond which they project into the furnace for the grefitor part of their length, and thev 
are so arranged that they can be turned round in the cast-iron plate in order to expf>^ a different 
side of the tuyere to the action of the materials in the furnace. (Greater durability is claimed for 
phosphor-br^ze Aon for gun-metal or copper, but each metal {Kisiiesses the same advantage of 
preventing the adherence of slag, scoria, or iron to the nozzle of the tuyere, which is the only object 
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to be gained by the uae of copper or its alloys in preference to iron. Additional precautions os to 
water supply have to be taken where such metal is used, as owing to the low temperature at which 
it melts, a tuyere. may be more rapidly destroyed than an iron tuyere where any over>heatiiig is 
possible ; but under favourable conditions gun-metal, copper, and phosphor-bronze tuyeres iiave all 
been found very durable, and the advantage gained by keeping the bl^t nozzle always clean and 
fully open is an important one. 

1560. 1561. 1562. 1563. 






Figs. 1564, 1565 are a inoiliflcation of the wronght-iron water-jncketo<l tuyere, introduced by 
Ilndgetts, in which the supply pipe is made to deliver its water round the nose of the tuyere 
through a series of perforations, and the return water is iiiarlc to flow round tlio tuyere casing by a 
flilet placed on the inner tube. This tuyere, like the ordinary watcr-jackctcd tuyere, is close at the 
back, and is kept full of water. 

1566. 



The Open Bpray Tuyere, invented by F. II. Lloyd of Wedne.sbiiry, to whose paper in the 
‘ Trans.* I. M. K, we arc indchk;<l f«»r much of our information on this subject, is shown in 
Figs. 1567, 1568, with the blo^t pii>e coniicetod ; in the side view. Fig. 1506, the blast pijKj is 
br(»koii off. 

It cx>iiHists of two oona-ntric conical tuln^s, closed at the nozzle, but open at the rear end. The 
water supply is connected in the usutil tnanner with a flexible hose, and various systems of spray 
pipes are usc‘d to suit various sha|ics of tuyeres and conditions of water supply. 

Although iron spray pijiesarc now exteuaively use<l, tliey are liable to rapid corrosion; and the 
use of brass or copjwr pii»e8 is found to be an improvement. A set-pin may be used, as at C, to 
prevent the spray pi|)eK beiiig accideiitsdly displaced. It lias been Ibuml advantagtjous to turn the 
nozzle of the tuyeres in some cases; by this means the adherence of scoria, or wliat is commonly 
known as iioniug, is to a great extent prevented, and the tuyeres are thereby rendered moio 
durable. 

The spray pipe, Figs. 1567 and 1568, consists of three tubes slightly flatttmed towards the 
point, and in some cases shaped or bout to suit the shape of the tuyere. These throe tubes aro 


1567. 1568. 



joined by a wrougbt-iron titling, which is connected by a fourth tube with the water supply. The 
spray pipes aro made either of wrought iron, brass, or copper, and a sufficient amount of water is 
s]lowo<i to escape through small Indos or slits in the pipes, to protect every part of the tuyere oiising 
which is exposed to the heat of the turnoco. In Fig. 1566 tho spray pipe is shown with the two 
side pipes bent back and plugged at the ends with wooden plugs, which may bo removed oooasion- 
slly if it is thought desirable to clear the spray pipe ftroin any sediment. The spray or jet of water 

8 » 
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from each hole in the spray pipe spreads over a considerable surface, and a small number of holes is, if 
they are properly plocsed, sufficient to keep tlie whole interior surface of the tuyere casing constantly 
wet. Scarcely any steam is visible, and the waste water passes away, after cooling the tuyere, at a 
temperature little exceeding that at which it entered, unless a large portion of the tuyere is exposed 
to violent heat. The spray is principally directed to the nose end of the tuyere, and beats back to 
some extent on the top and sides, which are also protected by a sufficient number of additional 
sprays from holes drilled in the pipes. The water falls round the sides and ends of the tuyere, and 
escai^es from the back at the bottom through the waste-water pipe. 

The durability, however, of these tuyeres is not their main advantage. Like all others, any derange- 
ment or choking of the water supply will cause them to bum out ; and in common with all other tuyeres 
they ere liable to some of the accidents wiiich will bo referred to. If, however, a sinall hole be made 
in the side or end of the tuyere, either from stoppage of water 8iii)ply, or any otlfer cause, it is still 
impossible for water to escape into the furnace. Frequently a tuyere that is heating may be saved 
by shaking or adjusting the spray pipe ; but even if the end of the tuyere is entirely burnt, it is 
still imjiossible for water to flow into the furnace, as the blast will at once escajm tlirough any 
aperture, be it small or large, and consequently blow back any spray though the open end of the 
tuyere casing. If the hole is small and the damage is detected in time, the adjustment of the spray 
pipe will often cause it to iron up. If too large for this, there is still no necessity for haste in 
removing the tuyere, as the eBCfi|>e of blast through the at>erture drives back the spmy and 
prevents the possibility of any harm or danger, such os would result from the fall of this water into 
the furnace. 

When a spray tuyere is damaged, it can generally bo repaired after removal by wehling a small 
piece of iron on the damaged part ; or in the case of gun-metal or copper tuyeres, a pieee may be hipped 
or brazed in and the tuyere made as good ns new, at a very trifling exfKmso. 

The Spreader tuyere, Figs. IStlU to 1572, hits a water jacket, and the outer end is only partially 
closed at tirst. The lower half, Fig, 15G9, is closed by a fixed half ring wielded to or cast with 
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the shells; the upt)er half is afterwards closed by a movable piece* as at Fig. 1570; sight holes 
are provided for the convenience of examining the condiHf>n of the tuyere, which. Ix ing so far 
closed, bedsides giving greater facility for detecting overheating, enables Iht* clay pivcking to bo 
done with as little care as with the ordinary tnycro. 

Tiie water supply is fiirni-hcd in the uiuaf manner until it enh rs the tiivere, where through a 
specially pn pared pifxs Fig. 1572, it is conducted to and over a sheet-meUii spnjjuh r that holds 
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np a constantly flowing shoot of water against the tipiK r Isalf of 
i from tin, cn.i of tho Hpr.'nlcr, a fan- 

shaped jet of water is delivered against the nnso end of the tnyeru, 
and a stn atii down each wdo of the. out«»r shell, thence flnwintr 
towards ainl through the outlet pipe; the force with which the 
water IS «j<cted against the nose of the tuyere depending ntimi the 

ICVi of the end of tho HtiT*r.4ar1.>a> Tw/.vn ^ 


pressure avaihiblo. the distanc^Tf\he'i;;d"ofTo'T,.;:d."X^^^^ liie nir of T\ 

1": regulated accordingly. Where there is but ^ y<n>, almut 


In addition to the complete fre<;dom from the danger of eXT»h»Mion and fro.« r liin j* 
wnhr getting into the furnace, which this rnolo of ’ liability of 

degree superior to, the op^T^my Ue^ the 

Uat.ility tf> Isj bumfsl from scnrfng and other • «""l«‘n't'vely free from the 

relieved should such an impodimont in any degree happe.; ;’«";:;7slS movrcm[ 
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to and fro, sufflccB to rob off and fluHh away accumulation without interrupting the water supply, 
and if requisite, the spreader can be entirely withdrawn, cleaned off, and replaced in a minute or 
two. 

To remove ordinary bronze tuyeres, it is only necessary to insert a hook and pull them out, 
while this operation Is retarded witli iron tuyeres by the tenacity with which dropping iron adheres 
to them. The remedy used by some, of digging the iron tuyeres out, partly at hast, while the 
blast is still on, is ifangerous, as the mem engaged in it have been seriously injured by their 
blowing out. Bronze tuyeres, too, have proved the best for tlie highly heated blast coming from 
firebrick stoves. 

The causes which may lead to the destruction are varied and numerous. Foremost among 
tliem is deficiency of water supply or obstructions to its free circulation, such as uiuddiness of the 
water, imperfections of the screens, insufticiency of the size of the pii^e and its attachments and fit- 
tings. Another serious and too frcKjueiit source is drilling of the tuyere by ilropping irtm and slips 
of the furnace. In or<ler to ensure sufficient water supply, each 1-iueh pipe uttachment should be 
allowed 10 gallons a minute, an amount which will cool 230 s<pin. of exposed tuyere surface, with 
a minimum pressure of 10 lb. a square inch. Muddy water should be avoided, if possible; but 
where it must be used it should enter at one end of the tank and be taken oft' at the other end. 
A good plan is to collect the tuyere water in a colkcting j>oud, and allow it to cool before using it 
again. Screens must be large, and must be made amply strong, to resist any collapsing caused by 
the meshes getting filled and being drawn together l>y the descending cuireut of water. The supply 
pipe to the tuye^res should come up through the bottom of the tank 10 in. Over it a strong cylin- 
drical screen, with meshes in. stpiare, made of brass wire, should be slipped. Tlie lower end of 
tile screen slioiiM terminate witli a li<*avy iron ring, projecting 2 in. out fnaii the screen, acting as a 
base. Tlie top of the screen should end near tlie level of the water, and have a handle to lift it up. 
Outside this screen must be placed another cylindrical scri t n, the internal diameter of which is a 
little larger than the collar or ring of tlu* inner screen. This screen is of brass wire ^-inch mesh, 
ami is well stayed. Tlie scre» ns can be taken out one at a time, and cleaned, witboiii allowing 
any fioiiting matter to ii^acli the* tuyere pipe. The area of mesbers (if the inne*r screen must be five 
times that of the main or tuyere pi|K^ karge pipe.s must he used from the tank to the tuyeres, in 
order to keej> up tlie IhwI. No other at tach men t should be allowed, if the tuyere jirissure is 
short, the circulation of water will not carry off tlie’beat from the metal of the tuyere rapidly ; this 
will-nllow' a bead or bubble of steam Ut form on tin* inner surface, whicli holds to tlie metal, and is 
retained in jdnee in a spherical form by the pre.ssure on it. This bubble increases in size until the 
expansive force of the steam within tlie bubble bur.‘>ts it The wakr then ru.sbes in to fill itspLice. 
During the iimo. the bubble is forming, the metal of the tuyere has been growing hotter, and there- 
fore instantly arm! her bubble is formed, w hich allows the temperature to rise liigber. Tliis accumu- 
lation goes oil until tiio sti jun is i»owerful enough to buck the water, and tlnm the tuyere bums. 
With a proper circulation, this is avoided. In many cases the pig-bed hose is attached to the tuyere 
pipe, and us it is u»i d freijmntly the head C'f water is lowered, and often at a time when there is 
danger of the tuyen* hurniiig. In sueh a ca^c, <»f course, it is destroyed. A mud deposit may be 
easily wosbed out of tlie tuy« re if jirovision has l»eeii made lor the emergency by putting a plug 
into the large end. The oniinary plug cock should not bo used on tlie tuyere connection, because 
the hole in the ping, when partly closed, is a long, narrow slit, and catches everything that comes 
along. A plug with a round iude is best, as it still preserve.'^ a good-&hapcd opening when partly 
closed. It is well to open these co<»ks once a day for a few seconds. 

Drilling is caused by iron melting above the tuyeres ; it cuts grooves into the lining, and directs 
fho current of iron on one spot of the tuyere. Tliis drilling is worse if the furnace i.s working 
irregularly, ns the stock in the centre of tiio furnace deflects tlie blast and heat agaiu&t the walls, 
thus causing the melting at that jdaee insUad of evenly tliroughont tlie whole mass. Tuyeres 
should not project far into the furiuicc*. as they are more liubb* to In* diilled and to be* burned, irem 
the inotal collecting around them at times during iiregular working. In order to obviate the i.'ect s- 
sity of projecting the tuyeres far into the fuma(‘e, for the sake of gt tting the blast further into 
it, the size of the tuyere nozzle should be regulated. Idttle a i tent ion has been paid to this in 
the ixist, for two reasons, on account of the difficulty in preventing the nozzles from burning off, 
iind on account of the lime and trouble required to chniige nozzlt s. Anoiln r cause of drilling 
may occur after casting, wdien the blast is off the furnace, in the following manner ; — A pit‘eeof coal 
may get crosswise into the mouth of the tuyere, deflect the dripping iron into it, and drill it on the 
inner bottom surface. Bronze tuyeres slautl the drilling better than iron ones, as the high conduct- 
ing power of the metal instantly chills the hot drop. In a comparative h st recently made, a furnace 
was tried with bronze tuyeres on one side and i”on coil-tuyeres on the other ^ide. As the furnace 
was drilling its tuyeres badly, the test was a good one. The result proved that the bronze tuyeres 
lasted three times as long us the coil tuyeres. The some results have been obtained at other 
places. 

Water breasts are useful in sueli a ca.‘*e; they are short tuyeres which are built into tlie 
breasts of the wall. Their coodng action soon builds up a coating on the breast, which protects 
them. This anangemeiit possess* s some other advantages which recommend it to more universal 
use. As it is tirmly built into the wall, it holds the tuyere in position even when the wall below 
the tuyere is cx)rr(Kied away by cinder and iron, and prevents it drooping. The old arrangement of 
sprinkling water on breasts is done aw’ay with by the' water breasts, amt a more offeotual method is 
used. In the event of a slip, it breaks the force of the falling mass, and lessens the danger caused 
by the metal being forced up around the tuyeres. Nozzles should be so proportioned that 
an equal volume of air piasses through each of them. They should be kept clean and bright. 
The pricker rod should be used fre<iuently. As soon as a tuyere is dull, and one tuyere pipe is 
not of the sabie temperature as the others, as it is a proof that the air is not pasahig into the 
furnace through it, a vigorous npplioatum of the pricker ro^ must bo made, to break away any crust 
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and get tlie air further into the fumaoo in order to reooh fresh coal, whioh will soon brighten it up. 
It is the neglect of these small matters that leads to larger and greater troubles. 

In using coll tuyeres, the nozzle is bedded in the nose in dreolay. During the time the blast is 
on, the nozzle retains its shape and delivers the air well into the furnace, but when the blast is 
taken off during the casting, the beat melts the nozzle off about 6 in. from the nose, enlarging it, 
allowing the blast to expand in the end of the tuyere, and diminishing its penetrating jxtwer. Tho 
iron, dripping down over the nose of the coil tuyere, melts the easing off the nose for four 
ooilsback; the air then pusses up between the coils, wliioh further disperses the blast and de- 
stroys its penetrating power, Wlnm the blast escapes through the coil, it starts more melting 
iibovo it, which ultimately leads to the cutting of the tuyere. When tho blast is thus dispersed, it 
Otiiinot penetrate, but it creates au inUmse local heat in front of tho tuyere which destroys the brick- 
work of the breasts. With the double jacket tuyeres the air is delivered solid into tlio furnoeo, 
and dispersiou is avoided. If a scale or clinker forms over tho nose of one or more of tho tuyeres, no 
blast can pass them into the furnace ; tlien more intense combustion takes place l>efore tlie others, 
and BCH>n the furnace works on cue side. This is more apt to oc^ur with large hearths, hence tho 
necessity of extra vigilance with them. I^argo hearths greatly influence production. With properly 
proportioneii blowing engines and hot-blast stoves, the hearth determines tho production of iron 
more than the diameter of bosh does. 

To show that large nozzles are not required, take a blowing engine giving 10,000 oubio ft, a 
minute into the o^ieu air. This air will poas through an oi)eiiitig of li) stj. in., which is equal to 
oue .5-iu. nozzle. More than thi'* must, liowuver, be allowed in the funuu^. Using anthracite and 
10,000 ft, a minute, the oombiiied area of the nozzles should not be less than 70 sq. iu. On coke this 
should be more. 

The |•oints to be atttiincd are a large hearth with tuyeres kept back, the force of tho blast bring 
dei>eudcd on for its penetrating to tlie centre, uidctl by choking down on the nozzles slightly. 
Tho action of the blast burns the coal or coke from the front of the tuyere, keeps an o|x:uing 
into the interior, and prevents the formation of a core. Tuyeres should be set 5 ft. from hearth 
to centre as a minimum; the lx>tloin should be drained well for high tuyeres. Thts cimler-noich 
should be not less than 1C in. lower. This keeps tho tuyeres free from cinder, bright and clean, 
and there is less liability of getting iron to them if tlio iron notcli is hard, and ctistiiig is delayed 
tliereby. Low tuyeres blow into the cinders and chill them ; high tuyeres blow into gcxxl clean C4Xil, 
and keep up the heat of the hearth. When a tuyere burns off, the water eutera the he^irth, absorbs 
heat, and lowers the grade of iron. 

A cause of destruction to tuyeres, which is readily capable of explanation, arises when the 
materials iu the furnace arc so dense as to prevent the blast as<*t*uding fretdy, causing re.Hii,t4itice 
round the tuyeres, destroying the stopping, and letising tho greater i art <»f the tuyere naked and 
exposed to heat, as indicated by the dotted line at A in Fig, 1308, which un<ler such circum- 
stances is unusually iutense round the tuyeres. A close* tuyere, fetl in the usual inaimtr, when 
exposed to excessive heat, will sometimes refuse its full supply of water, either from tin? geiieratioii 
of steam iu the tuyere, or from »oine other cause, aud this may cause the tuyere to burn, and thus 
allow the esca|>e of water into the funmee. 

Blips of material after a furnace has been hanging will sometimes dtstioy or blind every tuyere in 
a furnace, by the fall of solid material on tht*ni t»r in front of them. Aecideiits i*> tuyeres from this 
cause have not unfrequently (xjcasioiiod sevtjre exjdosions. Another eaiisu of injury to tiiyems, and of 
great danger where eluse tuyeres are used, arises from the slag, or in some cast's tin* imdteii metal, 
rising up to the tuyere level. This may happen fr<»m neghet of tho workman to o)ien his fiirmico 
in time, or from having a hard taji so as to delay the running of the molten metal at euatiiig time. 
In all cases, it is when damage to close water tuyeres has been (KJcasioiiod by the rising of metal or 
slag to the tuyere level, that.the greatest danger from the escape of any watir into the furnace is to 
be feared. 

The leakage from a very snuill hole in a o<»il or close water tuyere, from whatever C 4 iuse it arises, 
will in most cases be evaporated by tho heat of the furnace*, and cause no further damage than a 
trilling loss of heat ; but the same action that cau.'>c?s a small deft ct will very often increase tho 
a)>erture liefore any leakage can be detected, and when leakage occurs from the lower side of a 
tuyere, it is not unfrequently dilllcult to dt tect l>y examining the bluAt opening in the u&uul 
manner. 

A simple arrangement has been intrcKlucod by Thomson of Kuahon for tho ))ur|K>se of de- 
tecting leakage when it <»ocurs from any close tuyere. It C4insi(»ts of a watt r bahiii<*c, whioh, mi 
long us the same amount of water Hows from the tuyere as is siipplii d to it, is kejit in eqiiilihriuin ; but 
the moment anv leakage occurs, the equilibrium is disturbi rl, and by tliis im ans a wliisilc or alarm 
is sounder!. This arrangemoiit is said to answer well, and to give warning when a very slight 
amount of leakage occuis. The warning, however, even if promptly acli d upon, would not in all 
cases prevent danger, as in the case of the destruction of a tuyere from a sudden slip iu the 
furnace. 


In T. Wrightson’s Blast-furnace waggon drop. Figs. 1573 to 157C, wate r is the contrrdling agt at 
The cylinder A is of tho same length of stroke as the fall of the cage, and may be 10 or 12 ill. in 
diameter. The cage B is attached to the piston C by means of a long pisUm rod D working 
through a stuffing tx)X at the bottom of the cylinder. At tho top r»f the cylinder is a small sniiiily 
tank E, Fig. 1573, tilted with a self-acting ball-cock, to keep it always siipplioii from tho luilrcst 
water main. A small adjustable hole in the cover <M»inmuiiiiai« s with the inside of the cylinder 
to ensure that it is always full of water, and another small hoh? G, Fig. 157<i, in the piston allows 


any air winch may accumulate under ihv. piston to pass to the iipiier imrt of tlio evUnder where it 
escapes into the tank by the hole in tlie cover. * 

A ijipo H connwtH tho top «Uh tho buth.in of tho cylinder, through nii ordiiiury water-cock J 
which 18 controlled by u weigh-lwr aud levt r. A catcli lover K i« placed ulo»g»ide the valve loverj 
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and serves to lock the cage as it comes to the top of its stroke. This holds the cage while the 
waggon runs on. When the cage with the waggon on is required to descend, the catch-rod is 
liberated, and then the valve handle is lifted. By the opening of this valve J the water passes 


1573 . 1576 . 



ftpom the bottom to the top of the piston, thus controlling the descent of tlio cage to any speed the 
attendant may choose. When the cage is at the bottom, a self-acting stop is removed bv the action 
of the cage touching the ground, which allows the waggon to run off at the lower level. The cage 
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being then lighter then the connler-vroighta L is dro^rn np «tt*top15 

the ^ei.t returning from (lie top to the h'ttom of the pieloii. ^ hen the oigo ermee at uio top 

its stroke it looks itself, and is tlicn n ady for another wnp^n to on, - 

The bulk of the water passes and re-passes thronjrh the cork J, but 
the piston hein^ less by the area of ti e jnston ro<l on the lower side tlian the. upper, the wntoj ai 
the ti»p, displaeetl as th** pi>tnii ris(»s, eaniiot find rw»ni at the lower 
side of the piston, and will therefore tiiid relit'f, by a iK)rtion equivalent 
to the cubical contents of the pisbm rod, passiiij^ through the small hole 
in the cylinder cover into the supply tank. In the same w'ay when the 
piston a^ain deseends, there wouUl an e<|ual delicieiicy in the water 
passing* from the bottom to the top side of the piston ; this is coinjwn- 
sate<l by the same amount of water ro-pa^sing through the ludt' in the 
cover. By .this means the cylinileris nlw'a^'s k^ pt full of w’ater, which is 
essential to tlu' successful working of the apparatus. The same water 
is used over and (tver again, and the bidl valve in the tank is merelv to 
supply any loss fioin evaj»nratioii or leakage. The small pipe f) encireling 
the eyliinier. Fig. J57 (k is for tlio admission of steam iti frosty weather 
h> prevtnif the freezing of the water. 'J'his comes from the nearest steam 
or exhaust jnpe, and after coiling ii few times rtniiul the hnver part of the 
cylinder, passt^s np to the top tank alongsitle of the connecting pipe. 

As regards tlie supply ot lioinogi neon.'* iron, anti tlu‘ degft e t»f homo- 
geneity to iKi iX|H‘Ctetl in iron |>r<uineed by various .systems t>f pntldling 
and subsequent working, H« nry Kirk, W’orkinghm, read an important 
pnp(*r or this subject bt fore the Institute of Mechanical Kngineer.s, in 
1877, ami to this we are largely indebtcMl in tlu* follviwing j)age8. 

Kirk first remarks that the word puddling was t»riginally restricted 
to the working of retiiud inni, which never becjune tlioronglily litpiid, 
hut w'tts in a jnaMlo or pa.sty state thr4>iiglmut ; aiiil wlum iinieline<l 
j)ig began to be worked, ami was fuuml to melt thin and boil nj» fnady 
from the rapid escajx.* of earboii. the piocess was tinned ** bvhliiig.” Bnt 
na the jnnidled ir.ni was better than the Isub d. then* was tin- temptation 
to sink the word boiling nlit>gethcr, and tlds has la-en done so eompl tely, 
that now, W'la-n we want to speak of the ohl puddling proccs.s, whicli 
is still carrieil on at all the be.st York.shiie works, and at many otla-rs 
where the very highest quality of iron is made, it requires a lengthy 
description to convey the intended meaning. 

The ii rill homogeneous seems to have Imu-ii first applied to iron alxnit 
tw’enty Vtars ago, and it meant a comi»arativeIy pure iron manidactnred 
by molting, bio low’ in carbon to l»e called stt-el, in fact pr<*-*eiiting none 
of its characteristics. Bnt within the la.vt ten years ninkers of Immo- 
geneous iron liave appropriate!! the term steel, steel being .soim-thing 
better than inm ; and now’ there appears in .•voine tpiarteri^ a tli.*>po.'^ition to a*]upt the word hoino- 
geneons to iron prodm*ed by puddling, whereas puddled iron is md, and periiap.s cannot lie made, 
truly homog«'neoiH. It is highly probable that th»‘ u.-s; of the term steel lias very nun-li biiub're*! 
the employment of truti hoiijogen* ous iron in works of construction, for whicii it ajiiM ars to lie 
eminently fitted, by creating false imf»re^.^i^»^s as to its har«lnes.s and the exp*‘n«»‘ of working it, and 
it is a question whether the appropriation of the term liouiogem on.s w ill help inn inaunfactimrs 
nearly so much as tlie clo>c«t approximation to its most valuabh- pnqie-rtios wid«-h it is in tlndr 
power to make. But here arises a difheulty : the linely crj>tullim- appearance of sueh iron, w hen 
cut round with a chisel and broken smldenly off, finds little* favour with enginei-rs, wiiile the 
fact of its lieing remarkably strong in its hot os well as in its odd slab , and requiring a good 
dial of fire to heat and muscular torce to work, excites prejudice on the j»art of tliosii who have 
to expend their lalsnir upon it. 

Homogeneous iron is considered here as iron of the same kind or nature througlmut, and consisling 
of similar parts; thn.s iron may bti homogeneous and 3*01 contain all the eletm iits usually associated 
W’ith if, such as carbon, silicon, sulphur, pliospliorus, and mangaiU'M* ; hut iron containing cinder 
cannot be truly homogeneoua, b<*cauw.* the nature of cinder is alb»get)uT difTerent from that of iron, 
and in fact cinder d<K*8 not combim* with it at all, but only renmins difi'imed tbrougbout the irmsw. 
Iron produced liy melting and ca.sting into solid ingots, cnrefiilly heated and well worked, may 
profierly be calleil 1 ornog« neous. Sueh iron 1ms no light to the term steel when the carlion is not 
above 0*30 jier cent., which is an amount sfiinetimes exeecMled in the very best brands of wrought 
iron; for instance, an analysis of Swe<libh iron is given by Percy with 0*:i«0 mfr cent, of ciirljon, 
and one of Kussiun with 0*34 per cent. 

Homogeneous iron, f>r mild sttM 1 us it is now called, is rf-inarkable. ns comjMired with pnddlod 
iron, for its high degre*e of strength and ductility combined. This is well ex« niplified in tlio 
sampkeof mild steel and iron h^^ops of wbich tents arc; given in Tabb* I. The piocis were tdmat 
6 fb length <*acli, and the testing ina/*hinc was oni* s}i<*<*iully con.^tmeted for aw^Ttaining tlie iensito 
strain and ductility of telegrajih w’ire. (./onsidered stip<*rficinll3’ the stC'C*! apiienrs tw*ice us good an 
the iron, taking strength with ducdilily ; but wh. n it is considered that to obbdn tin* comimmtivo 
value for work, say !>y Mnllet’s coefiicic-nt. half the brc’wking we ight has to lie miilliplicHl by tho 
olongalion a foot, it will be seen that th«^ steed has about 4 timea the value of the iron. Thisu 
howeve r, does not exhibit the whole of iha diff«;reiice liotwec n the two. By the name rule of 
calculation No. BJ, the lowest of the steel, givtrs nearly 12 times as high a viiliie as Ko. 4, the 
lowest of the iron; while the ratio of dillhrence lietween the lowest am? the highest steel is as 
1 to 1*62, »nd the ratio of difierenee between the lowest and the liighest iron is os 1. to 0*00| 
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ahowing that the variation betireen the different aamplea is 5i timea as much in the iron as in the 
homogeneous metal. 

No doubt this is an extreme ease, but it is selected as well adapted to show the full value of 
homogeneity, which would be perfect in the steel, from its having been worked down to so sinall a 
size, but more imperfect than usual in the iron, for reasons which will be given in the last division. 

ingot iron is made larger in size, it is less and less uniform, because of internal crystallization, 
accompanied often with air babbles. On the other hand, as wrought iron is made larger in size, 
a ^eater degree of uniformity can be obtained, as is done in the manufacture of armour plates, by 
building up from numerous small pieces. 

Table I. — ^I’ests of Hoop Iron and Steel. 

Hoops 1 in. X 18 w.g. 


Stkel. 

JjiOS. 

No. 

Breaking Weight 

Elongation. ! 

No. 

Breaking Weight. 

Elongation. 


llM. 

per cent. 


lbs. 

per cent. 

1 

43G0 

11 50 

1 

2660 

900 

2 

3800 

13-25 

2 

2420 

4-50 

8 

4275 

13-00 

3 

2525 

9-25 

4 

4100 

13-50 

4 

2400 

1-25 

5 

4100 

11-00 

5 

2480 

4-00 

6 

4200 

9-50 

6 

2000 


7 

3700 

12-00 

7 

2300 

2-50 

8 

4445 

10-50 

8 

2000 


9 

3080 

14-25 

9 

2490 

9-25 

10 

4430 

8-75 

10 

2300 

3-50 

11 

3800 

15-00 

11 

2790 

9*75 

12 

4300 , 

10-50 

12 1 

1 2200 


13 

4000 ! 

11-75 

33 

2400 

7-50 

14 

4750 

12*25 

14 

2210 


15 

4200 

13-00 

15 

2870 

8-00 

16 

3700 

9*50 i 

16 

2400 

3-25 

17 

3720 

1 14*75 ’ 

17 

2650 

3*50 

18 

3815 

! 15-00 1; 

18 

2500 

9-75 

19 

3770 

1 10-25 

I 19 

2400 

1-50 

20 

3700 

12-50 

20 j 

2375 

4*50 

Average 

4042 1 

1 

! 12 08 

1 li 

, Average 

i 

2388 

5*15 


It is not the intention here to deal with plates nor with hammered iron, nor specially w’ith 
angles or rails, because the exjx riments now first made public were conducted entirely upon rolled 
bars. As tl»e manufacture of iron from ingots has undergone great changes, it is obviously unfair 
to give examples from old sources, ami the only available modern data suitable for the comparison 
are given in Kirkaldy’s exjXTiiucuts on Fngersta steel in 1873, Series C3, representing the presence 
of 0*15 of earl>on, from which is extracted Table II. Tlie lowest breaking strain is 23*G tone 
iH^r sep in,, and the highest 27*1 tons ; the least degree of contraction of area at the point of 
fracture is 31 *4 per cent., and the greatest 72 per cent. ; the least degree of extension, over a length 
of 10 in., is 20*2 per cent., and the greatest 31*1 jx-r cent. Numerous Bam])los of w’nmght iron of 
higher breaking strain, and some few with an equal contraction of area and the same degree of 
ultimate extension, can be found, but probably not of all the three combined, when a sufficient 
amount of work has been expended upon the steel to make it truly homogeneous, as in the first 
two or three tests given in the table. 


Table II.— -Tests of Fagersta Steel Bars, by D. Kirkaldy, 1873. 


Riase of Bars. 

Specimens turned to 

Ultimate Stress 
a sq in. 

of Original Area. 

Contraction 
of Area 
at Fracture. 

Ultimato 

Appearance of 
Fracture. 

LengUi 10". 

Diam. 

Area. 

Extension. 

inch. 

i square 

1 do. 

1( do. 

2 do. 

2i do. 

8 do. 

in. 

0*357 

0- 619 

1- 009 
1-882 
1-694 
1*994 

sq. in. 
0-100 
0*300 
0*800 
1-500 
2*250 

3 000 

lbs. 

60,780 

54,560 

57,960 

57,453 

67,345 

52,962 

tona. 

27-1 

24*4 

25-9 

25-6 

25-6 

23*6 

per cent 
72*0 

69*7 

56- 0 

61*8 

31-4 

57- 8 

per cent 
22-2 

27*8 

27*3 

28*6 

20*2 

31*1 

All Silky 
do. 
do. 

95 per cent. Silky 
All Granular 

All SUky 



Average j 

56,843 

25*4 

56-45 

26-2 



Puddling may be shortly described as a process for the conversion of oast iron, containing from 
8 to 10 per cent, of impurities, into wrought iron, containing, in its first stage as puddled iron. 
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from J to 3 per cent. Oxypron is the almost universal agent employed for this purpose, and is 
obtained principally from oxide of iron in various forms, technically termed fettling. The ftirnaoe 
in wliioli the operation is performed may be considered as oonsisting of four parts — the grate, the 
hearth, the flue, and the chimney; but frequently one cldmncy serves for a num^r of furnaces. 
The grate need not bo further noticed, except to state that where iron of superior quality, and 
requiring to be kept very clean, is produced, it is flxed lower than usual, to prevent coal or 
from parsing over to the hearth. The hearth of a puddling, or more correctly Sfieaking, boiling 
furnace, is made of cast-iron plates, which are kept cool by various means to prevent them from 
melting with the intense heat, and are also ooverotl with oxide of iron or fettling, which is renewed 
from time tt» time ns required. Usually a heat of cwt. long weight, or 540 lb., is charged along 
with some cinder from the hammer or rolls. As soon as the iron begins to melt, it comes in cemtaot 
with the fettling and cinder in a solitl or liquid condition. Chemical action between the two is imme- 
<liately set up, so that the first melted iron has a greater ohance of purification than that melted at a 
later stage. All roiintl the sides of the hearth the fettling rises 8f>me inohes above the floor, and as the 
tools are worke<l bnokwaul and forward and from side to side the melted iron is washed up against 
it, and therefort' the outer portions of the irmi are exposed to more fettling than tlie rest, and begin 
to thicken first. The piuld I or scrapes the thick iron into the middle and mixes it thoroughly among 
the other. The thickening is hel[x>d on by the closing of the danifKT, which Is generally done os 
soon as the iron is properly melted; and when the iron and cinder are well inixtHi together, the 
boil genemlly commences and the damj>er is raised. As the Ixal prooectls, the most advance«l 
IH>rtion8 sink to the bottom, and are hiouglit up again and blended with the rest by the puddler’s 
t()ols. After tlie melting, mixing, anti boiling, comes the dropping as it is called, when the elmlli- 
tion gratlually subsides, till the whole mass lies upon the fioor of the hearth in a pa.sty state. Tho 
fl«K>r of the hearth is much colder than tho upper |H)rtion, all tho heat beiiig derived fn»m al>ovo, so 
that tho action of the fire comes very unoqunlly iiism the iron, which is worked up by the pmldler, 
uiiil turned over and brohen into small pieces to allow the flaiAe to play upon all psirt.s ns uniformly 
ns may be, the damper being loweretl at tho same time; but ns the tools are only very small iti 
proportion to the quantity of iron, and the puddler’s strength and activity limite<l, it is easy to see 
that at l>ost the working of the iron is only imix^rfect. Next comt s the Imlling, nr making into 
lumps suitable for the hammer, which is done as expeditiously ns possible, putting togt^tloT tho 
most advanced portions first. But even here, perbs*tioii in hitting the rigid moment with tho 
whole of the iron in tho furnace is scarcely attaiimblc : so tlmt tln re arc at every stage cjiuses 
making iv^rainst homogeiieitv, which it requires all the liest efforts of tho workrm n to keep in 
check. Thest* causes are increaaxl 8ornetim(‘s by the fur?)ac(‘ workitig w’ith the flue slanting upwards 
dir(*ctly into a firebrick chimney, tlie brickwork of which gradually melts away, ami thc<»rcticrtlly 
should come into the furnac*, heat hv beat, in wbirh ca.se little linrni would be done; but in 
practice the pnddlcr kt'cps it back by the fettling, and now and .igain it runs into the furiiace all 
at onc(‘, and’ in many cases spoils a heat. Fr(‘<|uently tlie (’ffect is to produce libre, by tlie diffusion 
of a thick cinder throughout tho mass, preventing the fonnntion of cryst ds, but the iron is p;enemlly 
weak and red-shorf. When a sliort flue is carrie<l from the furnace to a boiler, the quantity of 
Tnol(o<l bri<*k is .•’carccly worth notice. 

I*ure iiY)!! appears to be soft and ductile, strength is addcil to it by the piH^senco of carbon, ami 
sp<*jiking generally it may Ihj said that iron is gootl so far as it is free from all oUut elements, 
excepting perbfi[)s mangunese. But carlion, though a mod valuable necr>mpanimeot of pure iron, 
seems to Ixi biglily injurious in connection with pbosphorns and silicon in <|uaiitrty. Tbfwt 
elements, which along with other foreign matters impart fluidity to iron, first of all apfxiar to 
rediiee the amount of carl>on in the pig; such iron c«mies remlily tin* fioil. and the liquid 
condition being inaintninc*<l by tho prestuice of tho other impurities, the boil may Ij<i prolonge<l ti> 
a later stage of docarijonizafcion than can lx* done with lK‘tt*T iron: hence it is t)osMil)le ty re<Iuw tlio 

carlxm to a more trace by w< JI ainl careful working, and to make tin* inm s»>ft, fibrous, 

uinl apparently very gocxl, though it ba.s never Vet been prc»vc<l equal in al! rf*sp»‘Cls to that piYxIiiccsl 
from a higher quality of pig. The ordinary expresv*»ion applied b> it by eonsumers of finfi-claKs iron 
1 .S that it wants'* IsxJy,” winch appears to mean neither more nor less than that it lacks stn*ngtli, ia 
not sufliciently jiure, and is short of cnrbfm. But when all ot}if*r elements an* rerlnc^xl to a very slight 
pr-rerjntage, tin* carlx)u is pretty certain to l>e uriusually high, and the iron when l»roketi tiiiddenly 
by a smart blow upon the anvil after cutting through the skin is alnnmt invariably crysUiIltno 

granular, though really capable of iKaring a high tensile strain, contracting very much at 
the jioiiit of fracture, and elongating considerably ; when not broken suddenly, the up]»onmnco ia 
fibrous, and the fracture under tensile strain U generally all fibrous. Such 'iron must Uj g»iod, 
despite its crystals, and as it improves with working, it is lad ter in the mannfactiired article than 
in the bar; while iron made fibrous bv a mixture of strong cinder, and working coiiqiarattvely eohl 
in the tinishing In at to prevent this cimler escaping, is never espial in jsiint of strength and duc- 
tility to the other, and is very apt, with tho least degree of overheating by the smith, t<i booomo 
extremely fmttle. * 

Kirk <ibscTved tiiese phenomena forcibly in the course of sr^me experiments undertaken with 
a view to OHcertiiin the ]>roperti(*K of 8<.*v«'ral kinds of iron, clitofiy from hmrnatib^ ores. The l^ts 
given wen* all of full weight, no extra time wa.s sfitmt over them, no extra rettliiig used, and no 
additional lie.it was emjdoyed to mirify the iron to u greater vxUiUi than was likely to Ijo done in 
ac tual every-day work. I he pmldled blofirns wi n* rolb d into Imrs without ndieating, and finished 
V amT vr^ ^‘^***^’ Harnph K. the results of which are reprcueiited in Tablee 


largest. There was considerable diflbroiioo 
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between the properties of the first and the last of the foar, and an analysis of each was taken, the 
first and second of Table VI., the last being hiprhest in carbon, and probably, from the greater total 
pcroenbige of the various elements, lowest in cinder. 

Tablb III. — Tests op Mabiion Ibok Bars, by D. Kirkaldt, 3rd July, 1876. 


Si7.c of Biirs. 
l^ongth 10". 

Original 

Area. 

UUipiiite Stress | 

a M}. in. 1 

of Original Area. | 

Ci>ntracl{on 
of Areo 
at Fracture. 

StreM 
a nq. In. 
of Fractured 
Area. 

Ultimate 

Extension. 

Appearance of 
Fracture. 

inch. 

diam. 
Bqimre 
j do. 

} do. 

nq. in. 
0-255 
0-331 
0-570 
0-205 

lbs. 

61,282 

6.'>,7i>l 

54.8iH 

53.603 

tcniH. { pi-r wnt. 

27*3 1 40*3 

1 24*8 42*9 

24*5 40*0 

24*0 52*4 

IbH. 

102,800 

97,709 

91,401 

112,738 


Eihrous 

do. 

do. 

do. 


In TaVde IV. the first four sj^mples represe nt two puddled bars of the snme heat, M indienting 
middle of bar. E end of bar. One piece wa.s taken fr<»m the end and the other from the middle of 
encli finislied bur. The rtuinplea range fnun 24*1 to 26*1> tons a sq. in. ultimate stress, from 82*8 

Table IV. — Tests ok Mauiion Iron Bars, by D. Kibkaldy, 24th July, 1876. 

Bars 10 in. length. 


I H:inieter 
of Bars. i 

Original 

Ar«*a. 

Ultimate Strc.*i8 
n H(i. in. 

of Original Area. 

Contraction 
of Area 

At Ftaclurc. 

Stress a i 

Mj. in. of 1 Ultimate 
Fiaclurcd Kxic-ni»lon. 
Arra. 1 

Appearance of Fracture. 

inch. { 

1 1 diitm. M 

IJ .. 

Kq. in. 1 
0 068 

Um. llw, tons. 

per cent, 

Q*> . Q 1 

lbs. • per cent. 

1 99«7i 1 

94,78C 

! Fi!)roii8. 


to 40*7 p«T cont. contraction, and from 22*7 to 20*2 per cent, extension over 10 in. length. Tlio 
first of tids list jn-esented the unusiinl feature of being worst welded in tlio middle of tlie bar, caused 
by the pile being charged after the rest, and drawn l)efore the beat ba<l perratiated throughout. 
When fructnn d, it exhibiteil the five pieces of the pile \\‘ry distinctly, though the end of tne bar 
was w«dl wfdded. An iinju-rfijct weld reiluccs a Uir to a series of flat plates, and it is well known 
that plates neittier f*ontract at the broken part nor elongate so much as rounds and squares. 

Table V. and the la.st live items of Table VI. give the results of the most important trhil of all, 
luHjause they represent the w*bnle of a puddle«l beat Isdli in tests and analyses. The sizes of iron 
are all the same, which is lielter for comparison wiili each other. The breaking strain is from 23 


Table V. — Tests of Mauron Iron Barr, by D. Kirkaldy, 31st August, 1876. 

Bars 10 in. length. 


iH'scription 
of iiun. 

Original 

Area. 

Ultimate .Stress 
a hq. in. 

of Original Area. 

Contraction 
ot Area 
at Fracture. 

StrcBs a 
sq. in. of 
Fractured 
Area. 

Ultimate 

ibueuhion. 

Appearance of Fracture. 



sq. in. 

lbs. 

lbs. 

tons. 

per cent. 

Iba. 

per 

cent. 


W.8. 

M 

0*442 

56,515 




42*3 



24*1 


Fibrous 


M 


."HUTO 

55,803 

24 

*9 

40*2 

40-9 

94,501 

22*6 

23*3 

n 


K 


54.428 




40*2 



23*1 


n 

W.T.W. 

M 


55,701 




46-1 



24-1 


tr 


M 


,55,723 

55,689 

24 

8 

46*1 

[ 41*3 

94,916 

23*8 

23*0 

w 


E 


,55,551 




31*6 



21-1 


>♦ 

W.5 

M 


55,780 




42*3 



*23*9 

22- 1 

do., 5 p. c. crystalline 


E 


55,361 

*55,048 

24 

6 

40*2 

' 41*6 

94,308 

20-1 

Fibrous 


M 

99 

51,004 




42-3 



22*3 


*1 

W.11.5 

M 

99 

65,226 




46-1 



24*8 


»> 


I E 

99 

,55,181 

54,747 

24 

5 

38*2 

[ 40*8 

92,595 

22*6 

23*2 

do., peculiar 

! 

|m 

ft 

53,834] 




38*2 



22*3 


n 

W.U.3 

M 

ff 

52,1381 




50*0 



25*9 

1 

Fibrous 


|M 

f9 

51,061 

51,728 

23* 

1 

50*0 

50*0 

103,457 

26-0 

.25-8 



K 

99 

i 51,085] 

1 



50*0 

1 


25*5 

1 

n 
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Table VI.— Anajltsis of Markon Bar Iron, Q. F. Downar. 


Sixe of Bara. 

Description. 

Iron. 

Carbon. 

Silioon. 

Sulphur. 

Phosphorus. 

Manganese. 

Total. 

inch. 


per cent. 

per cent. 

per cent. 

per cent. 

per cent. 

pf»r cent. 

p<‘r cent. 

diam. 

, , 

99*533 

0*105 

0*007 

0*011 

0*075 

Trace 

99*851 

i square 

, , 

99*530 

0*190 

0*074 

0*010 

0*091 

*• 

99-895 

1 diom. 

, , 

99-533 

0*170 

0*047 

0*011 

0*045 

>• 

99*800 

i » 

W.S. 

99*498 1 

0*120 

0*116 

0*015 

0*091 


99*840 

i o 

W.T.W. 

99*320 1 

0*150 

0*128 

0*012 

0*132 


99*748 

i O 

W.5 

99*500 i 

0*115 

0*149 

0*011 

0*101 

tt 

99*936 

I n . 

W.R.5 

99*498 • 

0*090 

0*163 

0*022 

0*182 


99*955 


W.R.3 

99*704 1 

0*180 

0*019 

0*014 

1 0*074 

I •> 

99*991 


to 25 tons a sq, in. ; tbo oontractinii from 31*6 to 50 per cent. ; the extension, over 10 in. Icnf^th, 
from 20*1 to 20 i>er cent. An effort was made in this heat to get the carl)on lower tlian before, 
and it gave an average of carbon 0*131 j>er cent., against an average of 0*375 j:H3r cent, in Tables HI. 
and IV. ; but the sum of the pliosphorus and silicon had risen from 0*133 to 0*243 jK*r etmt., and 
it will seen that in Table VI. itself tis the carbon falls the pho 82 >horus and silicon increase. 
Thus— 


Carbon. 

W.R.3 cuntaincxl 0*180 percent. 
W.T.W. „ 0*150 

AV.5 „ 0*115 

\V.R.5 „ 0*090 


Phospborua and Silicon. 
0*093 per cent. 
0 * 2(10 
0*310 
0*345 


W.S. is hero omitted, because it was treated in an entirely different manner from the rest, by 
which the ciinler was better cxtrudeil, and it is not therefore eligible for coin|wrison, because some 
of the jihosplionid and silicon appeiiring in the analysis of iron pro|>erIy lx.4ongs to the cinder 
remaining in it. 

There is a probability that these oscillations of carbon on the one hand and phosphorus and 
silicon on the other are not acciilental. but are really cause and effect. A con»iderable amount of 
carbon often remains in tlie puddled iron after it has reached a spong}* condition, and the cavttie« 
of it are filled with cinder, w hich generally contains a go<Ki tleal of phosphoric nciil and silica. It 
is likely that some of the oxygen for the removal of the cnrlnin is obtiuned from this cindi r, and 
that it sets free iron, phosphorus, and silicon, which are added to the jmddled ball. Colouring 
is lent to this sup{»osition by the Ix haviour of puddled iron at the hammer, by the etV 4 *ct of a 
puddled heat waiting in the furnace after it is made int4) balls, and by the composition of puddltni- 
ball cinder. Pre<iuently a sliglit flame is ob.servcNl from a pnddbii ball, and when the hammer 
drops upon it, and the ciinler is thcTcby brought into closer contact with tlio iron, it is iiiiim diateiy 
c^^vtTcd w'ith the flames of carlsniic oxide. Wlien the puddled balls remain bx> long in tin* runia^xt^ 
the quality of the iion is greatly impaireil ; though the causes of tljis tlo not ufipcar to have Ixtm 
investigatecl, it is a well-known fact. It may lie that occlutied ga»« s have something tf» do with it, 
as Well as the cause just referre<l to. Cinder expelled fnan puddled ball.s is invari.ably |>oorer in 
iron and richer in hilicou and phosphorus than the cinder left in the furnace at the tune tin? balls 
are withdrawn. 

Without attempting to trace any very close connc-ction between the mf>chaiiical pro|>c‘rtics and 
the chemical corii]>osition of the different samples given in Tables HI. to VI., which were of iron 
chiefly ma<ie from Moss Bay hsLMnatitc, attention may lie very pruj>erly drawn b) on© fuel which 
comes out with remarkable eleaniess. It has frec|ueiitly Isen contended ii» making tests that tho 
true value of any iron is siiown by the amount of strys.s at the fracturcMl ar€*a, and there can lie no 
doubt that this sliows its re.il strength. It will Ur found throughrmt that us the carbon increiuies 
so does tlie stress a wj. in. at the fractured area, llius — 


Cariwn. 


Stress at Fractured Area. 

Original Area. 

0*090 

per cent. 

92, .595 lb. 

tt s(£. in. 

0*442 wi. in. 

0*115 

»» 

94,308 

»* 

0*442 „ 

0*120 


94,,501 

»» 

0*442 „ 

0*1,50 

*» 

94,916 

tt 

0*442 „ 

0*105 


102,809 


0*2.'i,5 

0*170 

»* 

101,020 

ty 

0*785 „ 

0*180 


103,4.57 

ti 

0 * 412 , 

0*190 

it 

112,738 

tt 

0*205 „ 


The apparent exception in tho case of 0*170 per cent, is due to the area U ing thrt»e times ns 
as in 0 *105, and therefore having a much h*ss amount of Wf>rk put U|)ori it, and tlie immense* inen 
of strength from 0* 180 to ()* 190 is mainly aocounted for by the extra w<irk put tuiofi the latter. 

It hiirt been stated previously tluit a mixture of irmi aixl cinder is not compatible with homo* 
geneity. The grtrat curiacity for heat possessed liy iron of unusual purity gives Ujttor facilUies for 
exfielliiig the cinder, besides which it dots not stick in such iron so pertinocioualv as in that of 
lower quality, ^ • w 

Of tfie atmlyws preaent^ in Table V 11., which are of onlinnry qnalitica of bar iron, tho flrat. 
■econd, and fourth reprewmt a deMsnptiou of iron vi ry much in farour for year* past, soft in its hi^ 
as woU as in its cold state, eaqr to wold and fibrous. Tbo thiid was i^Ua^tot ^ * ' 
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fibrous ; it hns been added just to show the influence of carbon along with silicon and phosphorus 
in quantity. It will be seen that all the four are much lower in metallic iron than the previous 
samples, and that the total percentages 'are also lower. Ordinary chemical analyses do not 
distiiiguisli between iron and its oxide—it is all given as iron, whereas there mav be i per cent, or 
more existing in combination with oxygon ; and the weight of oxygen not being* given, this causes 
the total percentage to fall short in the more impure article. 

Table VIL—Analysis of Bab Iron. 


( Ordinary qualities.) 


81zg of Bars. 

ppiicrlptlon. 1 

Iron. ! 

j Carbon. | 

Silicon. 

j 

Sulphur. ' 

! Phosphorus. | 

Manganese*. 

Total. 

Inch. 


ptT cent. 

per cent. 

j p<-r cent. 

per cent. 

per cent. 

per cent. 

per cent. 

I diatn.*** , 

K.U.W. ^ 

1 U8C25 

Trace 

1 0-258 

0*052 

: 0*321 

Trace 

99*256 

i • 

** i 

1 im l)S3 

1 

0 174 

0*038 

; 0-289 


99*484 

a »» 

1 

I h9-0G4 

0-075 

0*224 

0-035 

' 0-310 


99*708 

t K.B.W.«te BcBt, 

1 1 

99115 

Trace 

0-170 

0*028 

: 0-200 

0*140 

99-653 


From what has alrt'ady been a<lvnnco(l, the true means of ensuring such a degree of homogeneity 
as is )) 08 .sible by puddling R]))>ear to lie in the production of iron as pure as may bo with its 
atU^ndant carbon ; and it is believed that if iron were ]mddled with a view to the best possible 
quality and the greatest <h*grec of homogeneity without any regard to the presence or absence of 
fibre, the carlion would run still higher than in Table VI., and that the iron would be more 
vtduable in every wav if its jirojK^rties were ap[>reciated and its peculnrities understood If it bo 
tru**, as it appears to from the foregoing observations, that the most valuable iron is that which is 
purest, ult>ng witli millicieut carbem to impart strength, it is obviously bad ]»olicy to replace carbon 
by phosphorus and silicon, oven though that replacement should lie accompanied by the substitution 
of llbre in a nicked and suddenly broken sample for fine crystal or grain. 

Mechanical rabbles are now worked <»nly to double furnaces, having two doors opposite each 
other, a rabble Isung placed to work through tlie st/>pper-holc of etich ; but these furnaces, as 
usually constructed, are objectionable in several rc8|»ects. In the single furnace, the roof is made 
highest over the dotir, to counteract tlie effect of the air drawing in at the working hide and at the 
crevices alsait the door and door-frame, which c^mtrivanco brings the flame tolerably well to the 
front ; but the double furnaces arc high<‘st in the tnid<llc, and the flame is not therefore so well 
C(}ualize<l. The depth of the Jiearth Ixdow the fore-plate upon which the door rests, and whicli 
nerves as a eup|H»rt for the puddler's t<K)l8 and as a fulcrum whenever leverage is required, is 
generally greater than in a band furiiuco, in order to prevent iron and cinder being raked out by 
the motion t)f the rabbles; this causes the w«»rknmn extra labf»ur when he is obliged to work vyitli*- 
out the machine, which i.s a longer jx'riod tluin the machining, so that there is a por-contra to the 
saving of htl»our by (he nincliine. The double furnaces, Imving no backwalls, have of course 
much less biiokvvork and fettling in proportion to the charge of iron than single furnaces, the 
rc^sults of which are saving of fuel and cd* fettling: but the furnaces, having a smaller reservoir of 
heat ill the absence f*f the back walks, w<trk more slowly and do not regjiin their full temperature so 
wxm afh‘r having been cooled down fur any pur|*ose, such as cleaning the grate or lowering the 
dutii]>er to bring on the boil. Tliis is a great drawback in working iron that reejuires a good deal 
of dainT>ering and tlie heat restoring rapidly after the dampcT is raised. The saving of ft tiling 
when there are few of such furiiaci s, in what may l>o termed the experimental stage, among a 
number of the ordinary kind, is often made up by a free use of mill 8C;ile, and by the oxidizing of 
a larger quantity of sciap Ut keep the bottom goml. When not so made up, a better mixture of 
iron must Iks re.sorte<l to, or more wa.'<te of iron will be incurred, or else worse iron will be made, 
tliat is, of course, always supjiosing that the mixture of iron and the quantity and kind of fettling 
are pro|K»rly adapted and adjust e<l to ojiclx other in the single furnaces. Double furnaces sometimes 
work hotter on one side than on the other, which is vexatious, for the damper oct‘asionally wants 
lowering to suit the condition of the iron on one side, and kec'ping up to suit it on the other side, 
but as the same danqver generally acts for both this cannot be done. It also happens now and tlien 
that tlio wind blows in strongly at one stopper-hole and drives the flume out of tlie other, to the 
annoyance ami inconvenience of the wrirkiuon. There is not apparently anything about the system 
of inecbaDicul rabbling generally to give giuunds for expecting a greater degree of homogeneity 
in iron made by this tiiaii by the ordinary methods, though double furnaces unquestionably save 
fuel. 

The Cusson-Dormoy furnace, with Cnsson’s gns-producer, has a grate much wider than the 
hearth, which is circular, ami the furnace apivcars to keep pretty well fllled with flame. 

The Mantlslay or l^ernot furnace, the floor of which is upon an inclined plane, and which 
rotates in this (KJsition, is an advance upon the foregoing, because it exposes the iron altornaUdy to 
the notion of the cinder when it comes to the lowest part and then to the flame of the furnace 
without tiio oivering of cinder ; but there is still the disadvantage of the colder bottom, and of 
tuniing oviT and balling by manual laliour. 

The rernot furnace, Figs, 1577, 1578, consists of a fixed flreplaee, roof, and flue, together with 
A movable furnace bed and its support. The fireplace is of the ordinary form, and is provided with 
a (barging door on each side of the furnace, with four small oriflees, closed by oast-irou doors, serv* 
ing for the introduction of an iron rod for the purpose of Stirling the fire; the ash-pit is closed by 
doors of sheet iron, and a current of air from a fan is admitte<l beneath the grate by a valve. When 
the grate is sufficiently funiished with coal, it acts to a considerable extent like a gas generator. 
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and fills the furnace with reducing flame. The dome is circular, the brickwork resting upon an 
iron ring oast in aegmoiits ; this ring is inclined downwards towards tho front of the furnace, and is 
on a level with tho fire-bridge, wdiioh ia also inclined. Both doors are in tho front of the fumaoe 
or in the jiortion corresponding with the lowest part of tho revolviM bed, the door next to the 
flue being considerably larger than that adjacent to tlio fire-bridge. The flue is placed opposite to 

1677. 



tlie firo-ridgc, upon the same level, and having the same inclination. It leads either into a 
chimney or into a rt*generative chamber. The wliole of the fixed struetnro is strongly hnujwl, and 
iKineath it is a rectangular cavity into which the movable l»e<l >vitli its snpj>i»rting carriage may Ijo 
intnxluccd, Tho revolving l>ed consists of a circular trough, of whicli the bottom is a plate of sheet 
iron, tlic sides beiTig formed of an iron ring cast in segments, and fastone<l to tho l)ott<'nn by bolts so 
placcil as to be accessible without disturbing tlie lining or fettling. The upper ()r>rtioii of the cast- 
iron ring forming the sides of the bcnl is strengthened by a second, also cast in si/gments aud bolted 
togetlier. 

Beneath tho iron plate forming the bottom of the l»efl is fixed tho mechanism which permits of 
its rotation on an inclined axis. This cunsists of a slightly conical toothed wlioid, cast in segments, 





fttid fixed by bolts to the periphery of the bed on ito under eide. Within thi« trheel n onstlnir 1* 
nxecl in the form of a cross, each arm of vrhich bears a conical wheel destined lo run upon a 
conical road on the carriage. The centre of tho cross is fitted with a liearing which works upon a 
shaft inclined ftt an angle of about 6® or 7° from tho Tertical. Hie carriage rone on a T»ir of 

rails laid in tho canty beneath the furnace, and can bo readily withdrawn when repain are 
necessiirv. i 
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The "bed is moved by a toothed piaion attached to the carriage and gearing with the conical 
toothed wheel on the under side of tne bed. The pinion, by means of a coupling similar to that 
used for joining tho rolls of a train, obtains its motion &om an engine of from 2 to B H«P. This 
coupling serves for disconnecting the shafts previous to the withdrawal of the rotating bed. The 
latter is formed of small fragments of ** Mokta/* together with hammer-scale and slags from shin- 
gling, the surface of which fuses, and forms a glaze that cements the mass. Tho interior of tho 
furnace is kept full of reducing gases, and the current of air is so regulated tliat dame issues 
from tho joint between the movable bottom and the fixed part of the apparatus, which it is found 
imi>ossihle to keep entirely tight. The furnace bottom is kept cool by a continuous jet of water 
playing against it. 

The average rate of rotation, whether for tho manufacture of iron or of steel, is about three 
roYolutioiiB a minute. 

Tho method of working this furnace differs considerably, according to the description of j>ig irou 
to be converted. For ordinary cast iron the following system is observed ; — As soon as one charge 
lias been withdrawn and shingleil and the giate cleared, the temperature falls considerably, and the 
slag reiuainiug on tho hearth becomes pasty. Tlie workman sets the hearth in motion, and with a 
suitable lord spreads tho slag against the sides and towards the centre of tiie bed in a symmetrical 
manner ; the fire is now urged, and as soon as the desired heat has been attained, the ro(|uisito 
quantity of hammer-scale and slsg is added, and finally the cast irou. Wiien the fu&ion is com- 
plete, the charge has a tendency to rise, owing lo the rotation of the hearth, and is constantly roll- 
ing liack into the lowest portion of the bed. Since, h<iwcver, the rate of rotation never exceeds three 
revolutions a minute, this inovement is insufficient for the piojier stirring of the charge. Tho 
puddlcr therefore assists the stirring by placing his tool against the side of tho working door, and 
allowing the end to rest on the hearth. In this way every part of the charge is brought into 
contact with the stirrer, and the laborious work of ordinary puddling is disjicnsed with. 

W hen the iix>n ot>mmeiirTS t<i come Uj nutur<% the stirrer is withdrawn, and a tool with a flat- 
tened end is iutroduceil anti held against the side of the door, with the fiat portion resting in tho 
molten charge. This serves to prevent the ctillection of the minute particles of iron on the bottom 
of the furnace as smm as formed. When tlie ferruginous muss lias attained a eertain consisti^ncy it 
no longer falls back into tho lower port of tho hearth, but is carried around with it, and is thus at 
oach revolution plunged into a bath of molten slag. As 8i>on as the bull is formed tiic furinice is 
stopped, and the large moss is divitled into a number of smaller ones, which are taken one by one to 
the shingling iiiachliie. The labour required for a furnace of this description coiiisists of tao 
piiildh rs, two assibtants, a fireman, and a b«»y to l<H»k after the engine. The only lalwur of an 
excessively fatiguing description is that necessary for the separat.oii of hills from the larger mass. 

Tlie average pri.Kluction of rough iron a day of twelve hours is 7t‘>Bl lb. ; the labour necessary for 
the munufiurture of 1 tun of ii\»u being : piuUiler, 0 * 57 day, aiitl fireman and engineer, 0 ' 28 day. Tho 
loss of iron is small, and the cousumjition of coal amounts to 2332 lb. a ton of iron produced. The 
iiou is of better quality than that produced in the ordinary furnace, the production of rough iron 
in which is given as;— Avemge make in twilve hours, 2370 lb. ; labour a tou, 0*03 d»y i>uddler ; 
loss of iron, 7 jier cent., and cxaisumption of fuel 3329 lb. a tou of irou made. 

The form of furnace revolving on a horiz<mtal axis appears to give the greatest promise for tho 
futuie, if those who employ it will only study chemical action and work according to it, instead of 
trying lo overcome their ditficullies by merely mechanical contrivances. When iron is charged cold 
into these furnaces the evils pointed out in the ordinary furnaco are intensified, because a greater 
quantity of melted fettling is present, but tho irou ought always to be cliarged liquid. Tho 
working of tho iron while it remains liquid is far mure thorough than in tho best of the other 
systems noticeil, but wluu the iron becomes pasty theie is no means of opening it out as is done by 
a good puddlcr, and cousequcutly the advantage is to some extent lost iu the latter portions of the 
heat. 

Danks's furnace does not give much pnimiso of homogeneity, inasmuch as from various causes, 
including im{xnfeot working of the puddli'd ball, there has Leen gencritlly a large quantity of very 
thick cinder pi*e.M.*ut, difficult to expel. 

In Crainptriu's ]>uddliiig furnace, Figs, 1579 to 1582, A is a revolving chamber which is made to 
rotate on a h'»rizfiiital axis; the spetsi cau ho adjusted to any velocity up to 10 revolntifins a 
luiiiuto ; B B is tlie refractory lining, and CU the wheels on which tho furnace revolves. D is tho 
movable flue pitn’c lined with relractury material, capable of Ijeing removed when nccesa to tho 
iurmtce is reqnire<i; the flue piece rests iqxai three wheels K, which run on iron rails and have 
scTuws F on the axles of the wheels for kieping D against the fiiruace. G is an opening through 
which the air and fuel are iuji cted. II is the pijie through wliich regulated streams of air flow, aud 
which conveys tho fuel from the coal resirvoir to the furnaco through tJie nozzle I. A plan of this 
id shown enlargcii iu Fig. 1581 ; and at K are several partitions in the bend of the injection pipe 
fur tho purpose of proveating the fuel and air separating on pivssiug tho bend. L is a double-way 
coi'k for the admission and exit of the water at tho double casing of the fumiioc. The water eutirs 
at Li, posses into the pipe M, aud is delivered at the end N into the casing, circulating through tho 
whiile casing aud making its exit at tho cud of tho pi|)e O, passing thence to the cook L, and 
leaving it by the pii )0 P. Tho water is then conducted by P to the flue piece entering through a 
fle xible pii>e at the lowest point and leaving at the highest point ut K. S S are the wearing joints 
of the luriiaee and flue piece directly in contact with the w'uler casing. T is the opening for tho 
exit of the products of combustion into the chimney, where they may be utilized iu producing 
steam or heating tho air, or both. 

The oiNil, which is ground and sifted previously, is brought into a tank U,^ Fig. 1582, by a 
creeper. In order tliat tho powdered c* al may not clog, btirrt^rs V are used, which serve also to 
bring tlio coal from the tank to the feed rollers W W. Tho opening from the tank can be made 
larger or smaller os required by a sliding door X, The distance between the rollvrs can be ac^usted 



814 


IRON. 


and the feed regulated with aoouraoy by a lever and screw Y ; two scrapers clear the rollers. The 
ooal falls through a shoot Z to the air pipe H, into which it is incluoed by the current of air 
traversing it from a blast reservoir. 



The Cnunpton furnace, nfi>i8tefl by the equable character of its llnme, ami tlie means afforded of 
keeping it iu p<*rf('Ct command, would Mem to give the greatest promise of u?iy in tlje direction of 
homogeneity. Though the amount of fettling used is very great, the purification of tin' iron is most 
extraordinary, and such purification has been shown to Iw? one of the comiitions favourable to 



homogeneity. Further, wlien the ck» 1 is suitable the cin lcr is thiimiel by the silica from the nsh 
and the bulk of it <*fin Ixj easily <iriven out of the iron. ’ 

op^'rations, the puddle-bar system U really tlio mitcomo of an 
^ort to ob am uniformity, the causes making again4 wliicli in puddling have alnwlv been dealt 
with. I rolmbly it was thought at first that rolling the puddled iron into flat bars, cutting up ami 
piling would divide the irregularities by the niimlM*r of pieces in the pile, as well as improW Ifio 
iron by putting more work upon it. Tbit it dm-s more than this: anv iron not prnp<*rly worked 
puddled bloom without reheating, t4j.irH into boles of various sfzes, fttmi 
of upwards, by tlio action of the rolls: and when the t»ile is subjocUsl to the heat 

of the fum^e, these boles allow tlie raw places to receive a greater share of tin? heat, and they a^t 
as nKjeptacIes for cinder melting off the inm, bith of which tend to purify it in a )iig)i degro/' for it 
must ^ remembered that tins cinder is much superior to that in the puddling furnaces^ Another 
jidvantage is that anv badly puddled iron shows crystal in cutting cold at the shears into the 
lengths required for tk mle, and can l^ thrown out. The v. ry great irregularities in the sampb s 
M m Tab e I may be largely accounted for by the fact that they were roll^l /rom 

billtds, Ijeing too small a size to make out of piles. ^ 

different methods of working. The first upon the list, W.S . was worki^l 
V*® i** breaking strain, and tlie three satnri]t*s were all 

trora the same puddly bar, it vet shows the pcafest amount of differemre in this restHct of anv nf 
the sampler W.T.W. was rolfcd off into pucClled bars, piled and mlkd ngidn i.M 



IRON. 


815 


were again piled and finished at a third heat. It will be seen that it vaiies least of any in 
ultimate strength, from the different parts being so well blended. W.5 was rolled from five pieces 
of puddled bar without reheating, iust as in the ordinary way, and except in the item of elongation 
it gives superior results to W.R.5, in which the only difference is that the puddled bloom was 
reheated before rolling. W.Il.3 was well hammered twice and piled only three high, so as to have 
fewer welds, leaking the contraction of area, which is 50 per cent., and the extension 25*8 per 
cent, over 10 in. length, along with the breaking strain of 23*1 tons a sq. in. of original area, 
it is the best given in the table ; but as the anaTysis is also superior to any of the rest, it would 
probably l)o misleading to attribute its excellence to the method f)f working. 

In the reversing rolling mills so largely employed in ironworks, serious evils arise from the 
shock occasioned by the clutches used. remecly this. Kamsbottom introduced a system of 
reversing by means of n pair of engine's without a flywheel, whilst many devices, such as those 
shown at pp. 2113 to 2117 of this Dictionary, are in favour. All of these have, however, greatly 
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fallen short of affording the amount of j^dnal engaging action necessary to prevent shock, whilst 
the application of Kainsbottom’s system involves a complete alteration of engines and gearing. 

The revorsing gear of J. Hoad of Middlesborough, Figs. 1583 to 1.500, is s|)ecially devised for 
the c^uiversioii of such exist. ng reversing gears into tlioroughly efficient ones, without any funda- 
mental alteration, and without rendering mseless any of the. I 5 S 5 

existing {inrts. The jilnn consists of the introduction of a loose ! 

faCii iK'tween each loose wheel and the clutch. These loose 
faces are bored out to the sam<* diameU;r, and are cjirrieil 
U|>ou the same |>ortion of the lot».se axle as the spur wheels 
with which they are in c<»ntact. Cast in tlicm are recesses 
It corresponding to, and engaging witli, the claws of the sliding 
clutch, insbmd of those claws lieing iniule to engage with re- 
cesses in, or claws u|>on, the inner faces of the h>osc spur wheels 
tlnunsclves. Each loose face is made in two halves, firmly 
boittid togetlier, so that one or both halves may readily be 
rtMiioved and renlaci'd whenever necessary. Cost in the back of 
cacli half of each loose face is a recess, into which is secured an 
arm composed of bars of s[>rlng steel, and 8<»mewhat resem- 
bling onc-half of an ordinary bearing spring, suoli us surmounts 
the axle-box of a locomotive. The extremity of the spring 
arm is held in a socket A attached to the inside face of the 
looso smir wheel with which it is in oxjntuct. 

In Figs. 1583 to 1590, Fig. 1586 is a plan of the mill, Fig. 

1590 m'ction of the wheel. Fig. 1583 and Fig. 1588 a section 
of Fig. 1585. D is a 12 ft. 2 in. loose wheel, F a 7 ft. C in. 
loose wheel, ce the loose faces, 6 the loose axle, c sliding clutch, 
ff fast and loose crabs, p pinions, r roughing rolls, r* finishing 
rolls, / the reversing lever. 

In the act of reversing, the clutch is ordinarily thrown to one side or to the other, in order to 
communicate to the shaft, upon which it slides, the motibn of either of the loose spur wheels with 
which it engages, and which, by moans of the wheel-work behind them, are permanently rotating 
at constant speeils in opposite directions. Predaely the same takes place with Head’s reversing gear, 
except that the loose shaft acquires motion, not direct from claws, solid with tho rotating spur 
wheel, but only as the force in the rim thereof can be transmitted to it, through tho two spring 
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amw attached to the loose face. ThM spring arms yield to a certain extent. Just as the spring 
dra^hook of a locomotive does, when it suddenly endeavours to set a heavy train in motion. 

In ordinary reversing gear, the momentum of the loose spur wheels, the other wheels and shafts 
connected with them, and the heavy fly-wheel upon one of those shafts, all rotating at a considerable 
Telocity, cannot suddenly be checked without injiury. On the other hand, the loose shaft with the 
clutch ujx>n it, and the rolls, spindles, and boxes, in connection with it, cannot be set into rapid 
motion mm a state of rest, and this operation repeated several hundreds of times a day, without 
eventual destruction. By the introduction of the spring arms. Figs. 1583 and 1585, the only dead 
weight which is made suddeidy to change its state of motion is the loose face, whose weight is cum- 
parativelv small, and which, being made of cast steel or wrought iron, will wear for a considerable 
length of time. 

The weights which are suddenly set in motion from a state of rest, in this and in an ordinary 
reversing gear, adapted in both cases to a 22-iu. plate mill, are— 

In He^’s reversing gear — 

One loose face weighing 

In an ordinary reversing gear — 

Loose axle 

Sliding clutch 

Fast and loose crabs attached to the end of 
the loose axles 

Total 


7 boxes 

2 pinions .. 

3 rolls 

Add as above 


Total 


tons. 

cwt. 

qrs. 

lb. 

1 

10 

0 

0 

3 

0 

0 

0 

1 

11 

3 

0 

1 

12 

2 

0 

6 

4 

1 

0 

> tons 

— 



tons. 

cwt. 

qrs. 

lb. 

1 

7 

0 

0 

8 

1 

1 

0 

8 

14 

0 

18 

13 

4 

1 

0 

6 

4 

1 

0 

27 

10 

2 

18 


without taking into account the upper chilled roll which is usually left uncoupled. Although the 
6 tons 4 cwt. 1 qr. in contact with the loose axle, is set into motion suddenly at each reversing, tho 
remainder, 21 tons, acquires motion only by a succession of blows, owing to the slackness of fit 
between the coupling boxes and the spindles, and the ends of the rolls. 

In setting in motion so considerable a weight, it is obviously better to do so by a series of blows 
than by a single one ; still, all shocks are mischievous. By introducing springs between the fly- 
wheel and the point of ultimate resistance, the minor shocks are mitigated, as well as the initial 
one produced by throwing in the clutch. The proportion of a revolution which the spring will 
yield, is about one-fortit tb. Head regards this as ample. He ascertained by taking numerous 
diagrams that the maximum force exerted in rolling an ordinary plate, amounted to a load of 
17 tons upon the engine piston moving at the rate of 272 feet a mimite. This will be found 
equivalent to 7} tons exerted at tho extremities of the two spring arms, or 3] tons upon each. The 
spring arms at their base are composed of forty-four plates 3} in. wide and in. thick. The total 
iniokiiess of the layers of plates amounts to 14 in., and according to the usual formula derived from 
experience with locomotive springs, namely ; — 

^ BT*N 
^ ~ 11-3S’ 

where 

L = safe load in tons, 

B = bresadth of plates in inches, 

T = thickness of plates in sixteenths of an inch, 

S = span of spring in inches, 

and 


N = the number of plates at the thickest part of the spring, 


they are as safe as those springs ordinarily are, even when subjected to tho maximum strain 
which can ever come upon them in rolling. Should, however, the spring arms have failed to 
impart tlieir motion to the sliding clutch and loose axle, after having yielded as much as they are 
capable of, as might be the case if a stoppage occurred at the rolls, then certain projections upon 
them come in contact with safety claws, secured, as in Fig. 1583, to the arms of the loose wheels. 
This plan prevents any danger which might otherwise arise from brea^ige of the spring arms, or 
from these being drawn out of their sockets at their extremities. If the loose faces come in contact 
with the safety claws, as described, they become solidly united to the loose wheels, and in such 
oases the reversing gear becomes similar to those in oommon use. In the case of the smaller loose 
wheel, it is necessary to carry out brackets beyond the diameter of the wheel to engage the en4b of 
the spring arms iu contact with it, in order to obtain a sufficient length for elasticity, and in order 
to make the same duplicates applicable to either wheel. The spring arms with brackets might, in 
this case, be sometimes found to interfere with the outer carriage of the fly-wheel shaft supporting 
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the middle pinion. If it should bo inadmissible to work that pinion, the oarriapo may be moved 
a little further from the pinion, and the spring arms allowed to work in the space between, close up 
to the naked fly-wheel shaft. 

In vtirious parts of the world iron ores are to be found which are very rich, but in so pulverized 
a shite that they are difllcuU to deal with in the blast furnace ; if tlu^so ores can bo reduc^ to a 
useful metal by a chemical process they will effect an importtint addition to the quantity of iron 
available for industrial uses. There are several methods of effecting this by producing a kind of 
sponge, and although this process will not affect tho production by means of the bhist furnace, it 
is undoubtedly valuable where the fuel is of a friable and the ore of a refractory nature. If it is 
attempted to reduce a very refractory ore with such a fuel in the blast furnace the result is almost 
certain to be a failure, whereas by a little extra trouble and remelting of the sponge a yield can be 
obtained almost as good as by the ordinary smelting process. With regard to the objection that 
iron sponge takes up sulphur, no doubt it is very sensitive both to oxidation and hi sulphur; but 
it is the opinion of many metallurgists that coke, containing, say, J per cent, of 8 ulphur,^doos not 
much afttfct the sponge or the uictal melted in the cujkjIr. 

In the 1 flair process for the manufacture of iron Sfiongc, the reducing furnaces when first erected 
w'ere designed to work when the ore under reduction took about 30 hours to bring to a metallic stiitc. 
Blair iIiscovere<l, however, that by tho addition of a small quantity of alkali to the carbonaceous 
matter mixed w'ith the ore, Un‘ action was quickened to a remarkable extent, and that tho reduction 
w'ben alkali was used cu.)uld be reduce<l to 0 hours. Subsequent investigation showed that lime in 
a fallen state an.-iwert-tl well, and from its cheajmess was most suitable for tho purpose; the quantity 
re«juired wjis quite insignificant wlun placed against the great saving in time. 

Iji Iflair’s plant as at first constrnctitl, each reducing furnace consisU^d of a group of .3 vertical 
re torts, al>out o tt. diameter and 28 ft. high, surroumled by brickwork, leaving a cranbiistion chamber 
between tho inside of the brickv'(>rk and the outside of tho retorts, which with the outside brick- 
work stood upon a cast-iron entablatiite, supported on columns 12 ft. frimi the ground. Below the 
entablature, and forminir a contimiutioii of each retort, were %vri>ught-iron cylimlers surnmnded 
with water jackets, and having at their lower cxiremitv a sliding sleeve for cUschurgitig the sponge. 
In the top of each retort a cast-iron pipe 2 ft. in iliamctcr and t> ft. long was inserted, leaving a ring 
of fi in, U'tween it and the inside of the retort. 

The retorts were heated exteiTially by gas jets, the air for combustion being Hnp])li<Hl through 
apertures immoiliateiy alK»ve them. When tlie retoTls were thoroughly beatinl and in working 
order, the gas generated from the ore umlor retluotion nsecndeil nj) the insid<* of tho pi|>o inserted 
in the? top of the retort, and on 
m<L*eting with air, tlamc<l an<l so 
‘ heated the pipe. The ore and i*ar- 
boiiaceou.s matter were fed int<» the 
retort down the 6-in. ring between 
the retort and pipts and, forming a 
narrow column heutenl on both sides, 
was thoroughly heatofl lK,*foro reach- 
ing the wide retort below, which it 
entered at a uniform lieat, and benct^ 
uniform reihictiou was the nsult. 

With the new plan of w'orking, how- 
ever, this part of tho furnace would 
not suit, tho quickened action of 
re^luction taking place in the Ixxly 
of the retort bt^low, since the ore 
could not be heated as quickly as the 
reduction took plac?e. 

Biair cventimlly abandoned tho 
system of external heating and 
ado]>ted that of passing a stream of 
hot carbonaceous oxide through the 
mass of ore and carlxinaceous matter ; 
he C'>nstructe<l a vertical retort, Figs. 

and made of firebricks 

with an external wrought-iroii casing, 
standing ujiou a cast-iron entabla- 
ture sup|M>rted on columns; the re- 
tort is continued below by a wroiight- 
iron cylinder with a water jacket. 

And at tho lower extremity Is a coni- 
cal moutlipiect^ and valve, so tiiat 
tho irem sijonge can be disclmrgfxl 
into any receptacle placed ijoueath. 

The lower part of the retort from 
where tlie gas is admitted is larger 
than the upper portion. This is done 
80 u to form an overhang immediately above the aj^rturo whore the gaa is admitted, thus forming 
a oMmber round the m^ of ore, and allowing tl»o gan to permeate it uniformly. At the top 
of the refajrt m an outlet for the ^pe of the gas after pawng through the ore, which ia connected 
by a lior^ntal to a vertical one descending to Ae ground, and there ooiineoied to the 
« 1,4 the honzonfal pipe above named a steam jet is inserted, so as to form m 
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Taouum in the top part of the retort, to induce a regular current of gas through the ore. The 
retort is fed by an ordinary bell-hopper. 

The carbonic oxide is generated in a gas-producer placed a few feet f^om the reducing furnace, 
and connected to it by a flue of sufficient caj^ity. The gas-producer is circular in section, formed 
of wrought-iron plates, lined internally with firebricks, and standing on an entablature, and 
suspended from it is a wrought-iron continuation, tapering to a conical discharging valve for 
allowing the ashes to be from time to time removed. 

Apertures for admitting air for combustion in the gas-producer are placed in its circumference, 
fitted with slide covers to regulate the admission of air. 

In the United States, Blair uses the Ponsard gas-producer, but Ireland employs the circular 
one just described, and finds it answers the purpose equally well. 

The object of using a carbonic oxide gas is primarily to supply heat to the ore to bo reduced. 
What reduction is effected by the gas is a secondary matter ; and in this point the process differs 
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firom other attempts where oorbonio oxide bal been used solely for reducing the ore. It will be 
seen that in using the steam jet to induce a stronger current of gas through the ore under reduc- 
tion, the temperature in the gas-producer will be increased, and the gas in time become hotter than 
reqnired, the result being that the mass against which the gas impinges in the reducing furnace, 
being idmost entirely metallic, would become welded together, and so interfere with the regular 
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working of the fumaoe. The gas, after passing through the reducing fomaoe, is still almost entirely 
oarboiiio oxide, and on passing by the steam jet becomes mixed with steam ; in order to condense it, 
a water spray is iutroduoed at the top of the descending flue to the cliimnoy. A little above the 
air apertures in the gas-producer are two pipes connecting it and the descending flue, so that some 
of the gns which has already passini through tlio reducing furnace can be again sent through the 
gas-producer, and used over again, and at the same time cool down its temperature. 

By regulating the slide covers of the air apertures in the gas-producer, and the damper in tho 
flue to tho chimney, an equal quantity of air and ^s can be supplied to the producer. It is found, 
ill practice, the two can be so regulated that an almost uniform teinjKirature can be maintained in 
the redncing furnace. 

The fuel used in the gas-producer is coke, which should be as pure as possible. In experiment- 
ing on this process with some Indian magnetic ores, very rich and pure, and containing over 70 per 
cent, of metallic iron, which had to be reduced with very poor coal containing 15 i>er cent, of ash 
and 10 jHjr cent, of water, besides pyrites, Ireland devised tlio arraiigemmit. Figs. 1593 and 1594. 
Here tho inserted pipe has been abtiiidoued, and this |Mirt of the retort divided into a number of 
smaller pipes, so as to present as small a column of materials to the action of tho heat as possible. 
A small furnace, some 21 ft in height over all, was erected on this principle, with a reducing retort 
about 18 io. dhaueter and 10 ft 6 in. high, and a cast-iron pipe on the top 81 in. diameter to 
heat up the ore. Some 20 tons of the Indian ore has been o^ rated on, and iron s|>onge of uni- 
form and excellent quality prcKlucotl, part of which has since Deeti made into flrst-class tool-steel, 
and some of it melted into pig metal. Where tho ore is rich and pure, iron sponp) mtuie from 
it by this process c^in be at once made into tool-stt^cd. In the case of ore which is not so 
ricl^ but still suitiille for steel, Ireland is of opinion tho best way to utilize the sponge is to melt 
it in a cujxilu furnace into jng im tal, and while in a molten state to i>our it into a Biemens-Martin 
furnace. From tho nature of the particles of iron in the sponge Ix^ing so minute, it cannot bo 
balled up in any ordinary balling furnace without considerable oxidation ; it is stated, however, 
that if melted in a ou|K>ln furnace, tho resulting nii tal, containing but little carbon and silicon, 
if conveyed in a molten state from tho cujKjIa to the puddling furnace, Ciin be brought to nature 
with but very little rabbling. 

LIFTS, HOISTS, AND ELEVATORS. 

The various forms of lifts, hoists, and elevators are subject to constant change to suit the 
particular purjxise for which they may Ijc requiretl. Those de.‘;cribod in the present article 
illustrate some of the important forms which are ot rt'cent construction. 

Figs. 1595 and 1590 are an elevation and plan of a fine sixty-tun steam crane, oonstnicted by 
Eastons and Anderson, of I^ndon, for a large steel-works. 

The crane is 28 ft. liigh with an extreme sweep of 24 ft. ; it consists of a wrought-iron vertical 
pillar, to the uppi*r end of which is attached a horizontal arm, supported further by a wrought-irou 
diagonal strut. The pillar terminates at the lower end in a C4ist-iron pivot 13 in. in diameter, 
working in a ca.^'t-iron lx?d plate fitted to the foundation about the foot of a |>ower hammer 
standard, while the upiKT end is of ctist sh^el, rotating in a socket secured into a wrought-iron 
crane frame which siirround-s the hammer, ami has already served to sttp{x>rt tho lighter cranes. 
This pivot is made hollow in order to allow of the pjissage of the steam and exhaust pi|ies of the 
engines. The lioistiiig gear is actuated by a pair of engines having cylinders KJ in. m dmmeter, 
10 in. Btr<)ke, bolted to the back of the vertical pillar. A pinion on one end of the crank shaft gi'ars 
into a train of whetds which, reducing the spec^fl 63 to 1, communicate tlie motion to a pair of 
ordinary chise-Iinkcd l^^-in. chains, by means of a fmir of recessed drums over alxiut one-fourth of 
tlie circumference of which they lap, their free ends fulling doivn to and coiling in the liottoiij of tho 
vertical pillar, while the bight Is {lassetl over the three pairs of sheaves of the travelling carriage, 
and two jniirs of sheaves in the falling block, the biglit passing round a small lioriz«»iitul hIumvc in 
the extreme end of the jib. By this means a uniform tension is always ensured on the chain, and 
the space requireii >»y ordinary chain barrels is savcil. On the opposite imd of the engiiu^ shaft is 
keyetl a brake, actuated through connecting rods and levers by the fmit of the attendant. The croso 
traverse and the rotation of the crane are eflTected by a separate single engine having a cylinder 
6J in. in diameter, 8 in. stroke, w ith a small fly-wh€?»'l and link motion. On each end of tho cmnk 
shaft, and running hjose on it, is fitted a worm capable of bt ing thrown into gear by a clutch, an 
conveniently arranged spring hand-lever. 

'rin? cniss traverse worm gears into a train of wheels 240 to 1, whii h gives motion to aspike^d 
pulley and by its means to a short pitched chain couplecl bi an ordinary li-in. chain, which, passing 
over suitable pulleys, has either end shackled to the traversing carnage. The worm for rotating tho 
crane actuates a train of wheels 133 to 1, and communicates motion to a pinitm, en^iging inbi an 
infernal annular se gment, bolted to tho base plate carrying tlie lower pivot of the cmiie. All Uio 
motions are controlled by one man from a small platform M'cured to one side of the vertical pill.tr 
inside of which the steam and exhaust pifKJS are also arranged. For th«} purtiose of turning the 
forging, strong claw chains hang down on each side of the falling block and book into tho 2*-iu. 
chain, in the bight of which the object to be forged is laid. ** 

Fig. 1597 represents a steam diiirlck crane, dcstgnr d and erected at Renfrew by Formt and 
Barr, of Glasgow, to lift and work a load of 50 tons. The jib is tubular, ami is made of 2-in. 
boiler plate, with a plate of tho same thickness running on edge two-thirds of its iengtti, and 
braced diagonally with angle iron, its length is 70 ft. and it wesighs 15 tons. Tho stays ari^ of tho 
same <Vinstruction as the jib, the motive fxiwer of thox?rane is a doubh; engine with 8-jn. cylindefZL 
which is placM in the centre of the frame, and a single cylinder engine of 9 in. for the slewing and 
lifting of the Jib, o « 

Travelling steam cranes form a crmsidorable proportion of the lifts employed in dealing with 
heavy weights upm conti^tors, flock and similar works, and th.,y are usually inofle so that the 
weight of the boiler and its flttmgs balance the jib, whilst the engine maintains equilibrium in the 
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centre over the travelling platform. Fig. 1598 is a side elevation of a crane of this description 
made by T. Binith, of Bodley, near Jjeeds. Fig. 1599 being an end view on a much enlarged scale. 
The design whilst presenting no very novel features is very compact and satisfactory. The pro- 
portions are good, whilst the arrangements for enabling the attendants to work the acting levers 
and attend to tbe machine are excellent. 



Figs. 1600 and 1601 are the side and end elevations of what is termed a radiating Steam 
Hercules, used at the Jersey Harbour Works under Iinrie Bell ; this, as will be seen, radiates 
on a buck pivot ; the rr.diating framework bears upon six wheels, working on a steel rail bent 
in the form of a segment of a circle, the chord of the arc of radiation being 50 ft. The wheels, 
cast of crucible steel, are place<J uudorneath the front frame; the loatl, consisting of 15-ton 
blocks, is lifttsl in the bite of a 1-in. chain, the carriage supporting the pulley being racked 
in and out over the ginlers by moans of an endless steel wire roj^. The whole machine is 
propelled along a lino of way having a gauge of 24 ft. ; there is thus sufficient space, as 
well as headway, for the passage underneath of locomotives anil trucks conveying blocks to the 
extreme end of the work, where tlio latter aro to be lifted by tbe Hercules before being laid in 
position. All the motions for propulsion, lifting, and lowering blocks, and racking the carriage in 
and out, are given by a pair of horizontal engines, which, with their vertical boiler and feed tank, 
serve to oounterbalanoe the overhang ; any additional balanoe required being placed in the tank or 
on the tail end of the machine. These various motions are under the easy control of one man, who 
is also able to attend to the firing of the boiler. 

The timber is of pitch pine, and the ties of good tough iron. The framing is perfectly fitmtted. 
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and braced in every direction, bo as to obviate any risk of failure. The strains of every strut and 
tie were carefully calculated, so that, although the machine is a very light one for the work it is 
called upon to perform, it has been found very steady in actual operation. It also works with great 



The test load of 50 tons was liftwi and swung round at a radius of 4G ft. from centre, without 
the cmno showing the slightest perceptible deflection. The snatch block weighs over 2 tons, to 
ensure the overhauling of the chain. 

*.• ^ automatic self-sustaining crane by T. Thomas, of Merthyr Tydvil ; 

Fig. If, 02 repreaento in horizontal section a hand-workefl lift suitable for warehouses, hotels, and 
the like, where a heavy load is to be raised or lowered. To one end of a horizcmtal sll^ A, 
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working m fixed bearings D' and D", a pulley C is fixed ; over thw piriley an endless chain or 
rotie is ^ssed, by drawing down one or other sides of which, motion in different dictions 
to Uie pulley oind shaft A. The pulley end of the shaft works dir^tly in its b^ing D , but 
the other end takes into a sleeve, a contracted part of which constitutes the neck at that end of he 



1600. 



shaft which works in the bearing D'. Thus the end of the shaft carrying the pulley ^ both 
rotate and slide, while the sleeve constituting the other end can rotate but o^not shde in ite 
bearing D'. To the end of the sleeve a hard brass nut F is fixed, having a quick-thr^ed double 
screw formed in it; the part of the shaft A fitting in this nut has a corresponding quick-threaded 
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8CT6W, the ^aft and nnt thus oonstitating a 8orew*box and screw engaged with one another. 
'When the shaft is turned in a direction proper to drive home a screw, the sleeve being at the same 
time stationary, the screw advances in the sleeve, the neck of the shaft at the pulley end permitting 
of a sliding motion in the shaft A. The chain or rope by which the load is raised or lowered runs 
in a sheiive U, keyed on a countershaft D, and is connected with the driving shaft A by a spur 
wheel T working in a pinion M, 

which forms part of a drum L leoi. 

working freely on the shaft A. 

This drum has at each end a disc, 
the disc K', at tho end the least 
distant from the pulley end of the 
shaft A, being larger than the other. 

The face of this large disc K' is 
opposed to another of the same siae 
K carried by the deeve. The 
sleeve disc K has an annular pro- 
jection on its face, which takes into 
a corresponding depression in the 
drum disc K'. When the laiger 
drum disc K' is pressed against the 
sleeve disc K, by means which will 
be described, the frictional contact 
of the two causes Uiem to rotate 
together. 

The jiressore necessary to mako 
the^ drum L rotate with the shaft 
A in a direction proper to raise the 
weight on tho sheave U on the 
countershaft B is os follows. The 
TCrew end of the shaft A terminates 
in a reduced part, having a tine 
screw H" at its end, fitted in two 
nuts H and H'. Sliding upon the 
screwed part is a strong metallic 
washer G, which fits loosely in a 
cylindrical box which forms tho 
expanded termination of the sleeve. In this box is a volute spring, through the centre of 
which the shaft A passes. By screwing up the nuts H II' on the rtjdueed siTcw of the shaft, the 
spring can be compressed more or less between the washer G and the nnt F. The coropH'ssod 
spring lading on the washer G, and through it on the shaft A, draw's the shaft into the sleeve by 
a screwing motion. The pulley end of the shaft has a collar P pinned to it, and when the shaft 

1602 . 


N 



mlvancemthis collar advancing with it presses the hirgo drum disc K' against the sleeve disc K, and 
prfKluces the required friction between them to causfi the drum L to rotate with ilie sliaft. In 
a^ldition U) tlie drum L and its discs K' and N, working loosely on the shaft A, and the collar P 
pinned U> jt, the shaft A carries another small disc O, op{>osed to ihe disc N of tho drum L. This 
small disc O has a pod or cushion of indiarubber lot into it, witb a thin metalUe washer on tie 
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surface against the disc N. This contrivatioe regulates the too sudden stoppage of the descent 
of the weight when the friction discs ^ip one another. Both the sleeve disc K and the loose 
disc O are provided with ratchet wheels Q and Q'. Pawls S B', which are rendered noiseless, 
engaging in these ratchet wheels, prevent the rotation of the sleeve and loose discs K and 
O, excepting in the direction proper to raise the load. When the parts are in their normal 
positions, and the endless rope over the pulley C is drawn down on the side proper for raising 
the load, the shaft A and all the parts carried by it rotate together, and when the endless 
rope is loosed, the load being raised remains suspended at any height to which it may have 
h&en brought, the ratchet wheels Q and Q' and pawls S and S' preventing the backward motion of 

1603 . 1601 . 



the shaft. When it is wished to lower the load, the endless rope on the pulley C is drawn down, 
on the side opposite to that by whlcli the raising motion is produced, so as to give tlie shaft A a 
backward motion. As the sleeve is prevented by the ratchet wheel P and pawl » from rotating in 
a backward direction, the screw of the shaft A rotates in the screwed nut F attached to the sleeve, 
and the shaft performs a retiring sliding motion, thereby relaxing the pressure by which the larger 
drum disc K' was held against the sleeve disc ^ and edlowiug the drum L to perform a backward 
or unwinding motion, under pressure of the load acting by means of the spur wheel T upon the 
pinion M. The small loose disc O produces by tlie elastic in its face, such an amount of friction 
as suffices to regulate the backward motion of the drum L, and the descent tliereby of the load. 
Immediately the endless rope is liberated, the shaft A, by the expansion of the spring at its 
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screwed end, is drawn through the sleeve and brass nut F, the drum L is firmly gripped, the descent 
of the load stopped, and the apparatus again ready for raising. The enlargcll elevation, Fig. 1603, 
shows the construction and action of the noiseless pawls fi and B'. In the oouutei^aft B an 
annular groove is made in which a friction pin is plac^, the bottom of the pin being made to bear 
forcibly against the bottom of the groove by the strong spring B oa the upper side of the pawl. 
Over the acting end of each pawl Is a stop for limiting its raising When the lift is raisiug 

the load, the countershaft B is sufficient to cause the pawl B to be from its ratchet wheel Q 

and bear against the stop. As soon as the motion of the shaft B is rammed for lowering the load 
the pawl E ffills,and, engaging with the ratchet wheel, prevents the backward motion of the part to 
which the ratchet wheel is connected. Both pawls R and B', Fig. 1602, set sunultaneeusly. The 
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engaging of the pawls with and the disengaging of them from their ratchet wheels is automatically 
effeoted, and the ratchet mechanism is noiseless. Figs. 1604 to 1606 show the form in which tho 


principle is applied to hand cranes. « , - i 

• Fig, 1607 is an outline elevation of Baldwin's lift made by Otis Brothers, of New York. 
Fig. 1608 is a sectional elevation, to an enlarged scale, of tho cylinder piston valves, and wnneotions 
of Fig. 1607; and Figs. 1609 to 1611 are sectional views, to a somewhat larger scale, of tho valve 
devices of Fig. 1608, showing the positions of tho valves as adjusted for different purposes. 


1607. 


1608 . 



A portion of the lifting rope is represented at T. This rope passes over the pulley in the \ 

way, and thence any desired nuinlicr of times round the flxe<l and movable pulleys W W', of which 
more or less may lie used, as desin*^!, and its end is made secure. The movable pulleys W 
are connected by a stirrup p with tho dcjublo piston stem B', which latter, jMiSMing through sttifBng 
boxes into the cylinder A, is connectoii at its ^posite end with the double piston fi C. Tho 
cylinder A is made in two parts, or is divided into two comparimeois or rhiiiutxirs a a* fij means 
of a transverse diaphragm, at or about midway between its two ends. The piston heads BO 
work one in each chamlier. Both are attached to the same interm4*diato stem, so os to lY^coivo tho 
same motions. The stem passes through a stufUng box, and in tho di^diragm is a port opened and 
clofie<l by any suitable foim of valve. Supply and discharge ports P P* are maclo near the imda 
of the cylinder A. 

The valve case D has a valve chamber of cylindrical form and lined ; in tho lining are pcnfoia* 
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tions covering the ports t u v» The port has a pipe communication P with the cylinder port 
The port «, by a pip© or passage P% communicates with a cylinder port at the upper end of the 
chamber a\ and the port B t is connected by a pijpo P* with the cylinder port A*, 

In the valve chamber D are arranged a series of disc-shaped valves, a 8% on a common stem. 
These valves are provided with cup-leather packing, and the stems project outside of the valve case, 
so that the valves can be shifted by rack and pinion i. Water under pressure is admitted at m. 

The valves in the valve case D receive their motion, through a rack and pinion t\ from an 
operating wheel G, which is moved so as properly to shift the valves by an operating cord in the car, 
A hand hole, covered by a cap, is provided in the side of the cylinder A near the central diaphragm, 
for convenience in packing the stem and the piston head B. The lower open end of the valve 
chamber constitutes a waste port. The apparatus has also an open water passage from the chamber 
a near the diaphragm, to the chamber a\ below or outside of the utmost point of motion of the 
piston head C. 

When the operator in the car desires to raise the car while empty or with only a light load, he 
works his opemting cord so as to bring the valves in the position Fig. 1608. 

Both chambers a a' are presumed to bo full of water under pressure, as also the communicating 
pipes. Full water pressure will then be effective on the upper side of the piston bead B, and 
water below tlie piston head 0 will flow out freely at v. The valve a prevents the supply from 
escaping at the waste port below it Water from below the piston head B will open a valve 
indicated by an arrow in the upper part of the case o', and flow through the port so as to fill the 
spare vacated by the piston C as it moves downward, the latter acting, perhaps, somewhat as a 
pump piston to draw the water through. The resi<lue, if any, of water under B will pass through 
it to the waste port. To work the apparatus with maximum effect in raising heavy loads, the 
wheel G is turned so os to shift the valves ip the position Fig. 1610. In this adjustment the porta t 
and u are brought into communication, and water in the pipe R, wliich is continuously under 
pressure, is free to pass from the port t bc'.twecn the valves s and s', through port u, and into 
pipe P', and by }K>rt // into tlio upper cml of the lower cylinder or chamber, and above the piston 
head C. Water pressure will then act effectively on tt)p of the piston head B, as before ; also, the 
water pressure, entering at //, will close the middle valve and act with its full force on the upper 
side of the piston head C, the water below B escaping by r/ and P as before, and water below C 
escaping at 1% in both cases witlnmt resistance. The effective force of th§ water pressure is thus 
obtained on two cylinders insicatl of one, practically doubling the power of the apparatus. 

To lower the car, the valves are shifted to the ]»r)sition Fig. 1609. In this adjustment the 
valve .s is below the escape fiort, so that the waste is entirely cut off ; also, both |K>rta u and t 
tiro brought into communication with the port r. The car, then being sufficiently heavy, or being 
counterwciglited, comes down by its own grtivity. Water above the two piston heads flows by ports 
t u into tlie chamber a' Ik*1ow the 
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lower piston C, and a portion of I6i3. 

it passes up // into the space 
Ixslow the iip|>er piston B. By 
raising the valves a little, the 
port V can l>o partially closed, and 
the circulation of vrater from 
above to below the pistons can 
thereby bo so chokcHl us to pre- 
vent a too rapid descent of the 
car, sliould such danger occur. 

To stop the cur at any time it is 
only necessary to bring the valves 
to the position Fig. 1611. The 

discharge is closoil by the valve 

a, and the circulation from above Gv. 
the pistons to below them is pre- 
vented by the valve s'. In all 

the uiljnstments described, the > i i 

valves are balanced ns regards h— — » 

water pressure; but if such is ^ ^ 

not desired, the valve s' may bo ' is \ 

omitted, the end of the valve 
chamber being closed by a cap 
made with a stuffing box for the 
valve stem to play through. * 

1612 to 1615, one hydraulic, the 
other screw. The hytlmulics are 

made to run out two-thirds their height ; therefore a jack standing 22 in. when down, would stand 
44 in. run out, so that they give a clear lift of 22 in., one ram rising and falling inside the other. 
They will lift from close to the ground, and work in any position. The piffup and working parte 
are all contained in the packet, which also forms the reservoir or tank, which will contain three 
times the amount of liquid required, thus saving time in refilling. They can easily be examined 
and repaired, os the valves can be taken out without touching the pump or gearing. The rams 
are made of fagoted iron, and the foot forms a guard or stay, ther^y preventing the rams from 
bending or straining. 

Figs. 1616 to 1619, refer to an ingenious arrangement of that class of elevators in which a series 
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of cages suitable for receiving passengers or goods are kept in continuous motion^ ascending on one 
side and descending on the other side, such as are commonly used in large suits of offices, hotels, 
and the like. 

The cages are carried by an endless chain passing around chain wheels at the top and bottom, 
and one of these chain wheels is driven by an engine which is suitably controlled. The cages 
stand in front of the chain, and are suspend^ by means of sling links introdneed into the chain at 
the places required. There is a sling link for each cage, and the link carries a pin projecting out 
from it horizontally and at right angles to the plane in which the chain travels. This pin enters 
an eye formed for it centrally in 

the Ixmk of the cage, at the upper leis. 

part, and by it alone the cage 
hangs. Both in ascending and in 
descending the csge is guided by 
rollers or small wheels running on 
guides of angle iron. One xiair of 
rollers carried by arras on the sling 
link controls the tendency of the 
upper part of the cage to fall for- 
ward, and at the same time steadies 
the cage laterally. 

Another f>air <if rollers upon an 
axis fixetl to the lower part of the 
cage, and running U{K>n other angle 
guides, set in front of the first pair 
of guides, prevents the lower part 
of the cage tipping towards the 

back, which, if free, it would do, in * . . mi 

consequence of the point of suspension being in rear of the centre of gravity of the cage. Thus 
the guiding of the cage is effectually provided for so long as the cage is in the straight part of its 
patl^ but when the cage is passing from side to side at the top and at the bottom, further pro- 
visions are requisite to control the lower part of the cage. 

The sling link when it jiosses on to the chain wheel, either at the top or at the bottom, becomes 
securely held, and as the link is carried round, the arms bearing the rollers remain radial to the 
wheel, and the rollers consequently roll accuratedy around the guidt's as they curve over or under 
the chain wlitHd, but at the bottom of the cage, the wheels being on an axis which remains always 
horizontil, would not ndl around curved guides ; these guides are therefore discontinued at the top 
and bothim, and the control of the lowt r part of the aige is efficte<l by a wheel at a suitable dis- 
tunoe btdow the <diaiu wheel. This wheel is connected with the chain wheel by gearing, so that 
it revolves in unison ; it has recesses in ite periphery, and as each cage comes round a strong stud 
with suitable collars upon it fixed to the back «»f the cage, near the bottom and vertically ben^th 
the point of suspimsion, enters one of the recesses in the controlling wheel, and so the bottom of the 
cage becomes held and the wheel carries it round in its proper course. The guides for the lower 
rollers are pnivided with self-acting traps, near their lower ends, to allow of the passage through them 
of the projecting portion of the sliiig links by which the cages are su^nded. 

Fig. 1610 is a vertical section of the mges with other parts for thiParmngement, and Fig. 1617 
is a plan partly in section of the 8am<' ; the cage H is a strong case open in front, and has an iron 
liar H\ serving as a liockbonc u|K>n which it is built, uml when it is intended for the conveyance of 
passeiigoi's it is of sufficient height hi a^lniit of a man standing erect within it. ^ ^ 

At the upiv^r end of the bar XT, and to the back a long bearing is fixeil, to rect ivc the horizontal 
pin F', by which the cage is susiH-nded ; the pin is fixed in the middle of one ot the links of the 
chain, called the sling link. It also has two arms projecting outwards from its centre at right 
angles to the length of the link, and at right angles to the pin, and these arms serve as (or 

the guide rt>llers G, which roll ahmg the bucks of the angle-iron gmat‘8 B B, and ^ control t ho 
tendency of the cage to lip forward at the top. The guides are curved round, so that a continuous 

bearing surface is iirovided for the rollers. , « i j -a -a 

At the lower end of the bar of the cage a horizontal axle W is fixed, and n^n it are the ^ide 
rollers A ; these* roll along the front of the angle-iron guides and so control the tendency of the 
lower part of the cage to tip to the rear. The guide rollers A leave the guides C when the cage is 
at t».e top and botto^ tho Kuides .topping short, and at these nlac^ otlier means are provided 
controlling tho lower part of the cage. The stud fixed to the Iwr H' at its lower end, as the cage 
comes roum), engages with large wheels entering notches which are formed in the periphery of 


lu order to avoid the necessity for the controlling wheels and studs, the axis of the lower pair of 
Tollers can lie arrang^ upon a pivot on the back of the cage, kept jiarallel to the roller arms of the 
sling link by means of a pair of sprocket whcel^ connwtod by long links m such ® 
motion of one wheel is communicated to tho other. The mis of 

near the centre line of Uie apparatus, and has at tho end a stud which at the upper and tte 
lower end of the course of the cage enters botw^n guides P«>T»f^ [“>• >*• 1“ the 

guides for the lower rollers are continued round the top and the bot^, in the same way as the 
guides for the top rollers are oarrieil round from the nseondlng side to the 
Fig. 1618 is a front elevation, and Fig. 161» a plan of an elevator 

Tim guides for the top guide rollers are carried by tlie shng link in the manner already 
described, with tho difference that in this arrauTOment the guides are set 

ment which admits of flat Mides without side flanges being employ^ ; / shotra^e *jj® 

bottom rollers. Lower guide rollon are earned by a movable quadrant, which is pivoted to the 
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back of the cage, and has rollers which run upon the mides. These, like the top guides /, are con- 
tinuous, being curved or arched roimd at the top and bottom. The rollers arc made to roll truly 
around the curved course, and the requisite movement of the quadrant is obtained by ^nuecting 
it with the sling link, in such manner as to keep the axles of the top and bottom gnido rollers 
always parallel the one to the other. One sprocket wheel is mounted upon the sling link around 
the point of suspension of the cage, and the other upon the pivot of the quailrant. 

In order furtlier to control the movement at the top and bottom and ensure the guide rollers 
remaining upon the guides taking a truly circular course around a central point, the quadrant 
is continued to tlic centre, where it terminates in a "T orosshead. At the ends, both at top and 
bottom, the guides / are adapted to receive this crosshead to guide it to the centre point and there 
retain it whilst the turning motion is taking place. 

The guides have openings at the points where they are crossed by the path of the axis, from 
which the cage is suspended. The openings at the top need not be provided with traps. At tho 
lK)ttom, however, small counterbaJonoed traps at g are so arranged as to yield to tho total pressure 
of the parts they are intended to allow to pass. 

LIGHTS, BUOYS, AND BEACONS. 

The Corbiere Ltighthouse, Jersey, is an excellent example of the use of concrete in such 
structures. It was constructed under the superintendence of Imrio Btdl from the designs of Sir 
John Coode. The Corbi&re Rock, upon which the lighthouse is erected, lies off* the south-western 



point of the island of Jersey, Pig. 1620, in latitude 49'' 10’ 40 ' north, longitude 2° 14' 50" west It 
IS distant from the mainland ateut 1000 ft,, is isolated at high water of all tides, hut is aoeessible 
over a l^ge of rocks, shortly after half ebb tide up to nearly half flood of each tide, when the aea 
18 smooth, not a matter of fr^uent oocnnence in thU exposed part of the island. This raaderod 
necessary, as one of the works connected with this undertaking, the oonstraotioii of a Udal coom. 
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way to ensure the safety of the lightkeei^rs on their passage to and from the lighthouse. The 
range of tide on this coast is 32 ft. at ordinary springs, and 23 ft. at ordinary neaps. 

The site chosen tor the lightiiouso being inaccessible by land, a road of access was necessary 
extending over i mile in length ; and along with this were constructed dwelling iiouses on the 
mainland for the lightkeei^ers, with tlie necessary storehouses and outbuildings. 

The tidal causeway exceeds } mile in length, is 6 ft. in width at the top, and is formed of two 
side walls built of granite blocks, with a batter on the sides of 1 to 2, the iieiglit varying from 1 ft. 
to 8 ft. ; the blocks are hammer-dressed on the face, and laid on level beds in cement mortar. Tlio 



spaco between the walls is filled with Portland cement concrete, in the proportion of 8 parts of 
shingle and coarse sand to 1 part of cement ; the upper 8 in. being made stronger and finer, in the 
increased proportion of 4 parts of shingle to 1 part of cement. 

The action of the sea during gales nn^vents any groat accumnlation of seaweed upon the surface 
of the causeway ; and a sprinkling of not lime in calm weather, afterwards brushed off with birch 
brooms, is found sufficient to prevent any growth. 

The landing of the material from the barges on their arrival from St. Helier, when moored in 
the deep-water channel, was carried out by an overhead ropeway from the main rook, at the foot of 
which were the stores and workshops, to the patch of rock on the opposite side of the channel, care 
being taken Umt euffioieut headway was allowed for working the barges underneath. Fig. 1621. 
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The tope suspended between the two rocks formed the ropeway. The apparotus consisted of a single 
wheel with a grooved tire, which travelled on the rope» supporting a olock and tackle W two side 
olieoks for adjnsting the height with a hook for carrying the bag or basket of material. This wheel 
with tackle is pulled along the ropeway by a small endless wire rope wound round a drtim, 
worked with a small windlass, Fi^ 1^0, 1631, by two men. An improvement was elTeoted 
by having a double rope from the landing platform out to a little boyoiid the position whore the 
barge was intended to be moored, where the ropes were fastened to a crossbar, and from thence 
continued to the patch of rock by a single rope, which, in order to give additional height was 
passed down to the rock over a pair of sheer le^. A double lino of ropeway was thus formed, from 
the position which the barge would occupy when moored, to the landing place on the main rock. 
Tiie main rope, secured to an eve-bolt lewised into the rock, was stretcheil from the apex of the 
sheer legs over the position of the barge ; at this point it was securer! to tlie centre of the crossbar, 
from the ends of which two' ropes were fastened, and carried parallel to each other to the main 
rock, and firmly secured to it, after ^ssing over the guide pulleys. At the ends of the ropes 
blocks and tackles were placed, to tighten or slacken them as might bo required ; and upon these 
ropeways the travelling wheels wiUi suspended tackle and hooks for carrying the material, 

16*27. 163R. 



Figs. 1632, 1633, were mu to and fro by means of the light endless wire rope, worked bv the 
windhiss. The wire mpo. Fig. 1621, after two lumM r<»iind the drum, passed up over a guide puller. 
Figs. 1634, lt;3o. and was fastened to one of the travelling wheels ; it was then conveyiifl under oiio 
of the ropeways and round a guide pulley fixed to crotsd>ars. Hetuniing under tlie other roiicwar 
It was fixed to the other travelling whtH.*], ami carrieil on to the shore or main rock, over a irutdo 
pulley, and round the drum ; so that while the loading at the barge end was In'ing proceeded with, 
the unloading at the shore end was going on lit the Siime time. * 

The platform upon whic^h the lighthouse is erected is 9 ft. high, and is formisl of Uiree cmirfMMu 
from which the tower, with moulded base and cap, risf^s. This tower is surmounted by a balronr 
haying an imn railing, Blw>ve which is the lantern provided with a dioptric illumiiiating aptsirmtus 
of the secimd order, showing a fix<^ light extending over an arc of 25(r. The dark angle, of 1 10® 
towards the shore, IS occupied by a dioptric mirror. ® 

^ From Seward, between the bearings of south by east through esst to north bv west the Ifirht 
IS white Inshore of the extern limits of the white light two sectors of rwl light amTxliiWk^ 
one te tlie nortli-castward, for marking the shfjal ground of the Kitfdon Bank and 
wards; the other to the south-eastward, marking the VracbiTua and the adiai^ent dangers landwwrds 
throueh angly. of 820 «.d 88° mpecUyely. fhe red arc.^ 
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attached to the lantern, which la 7 ft. in height. The light is 135 ft. aboFe the mean level of the 
sea, or 119 ft. above high water of ordinary spring tides, and is visible for a distance of more than 
18 miles. The lamp is a pressure one, with the weights arranged below the body. The burner is 
of the Trinity House type, has three concentric wicks, consumes paraffin oil, and gives a light of 
about 200 standard candles. The lantern, by Chance, is of ordinary construction, except that the 
wall of the tower is carried a little higher than usual, and that the cast-iron pedestal is reduced to 


1630 . 1631 . 



an equal amount. The inside diameter of the lantern pedestal is 10 ft. Outside ‘a fog bell, 
weighing 5 owt., is fixed, by means of a wrought-iron plate bracket, strengthened with angle irons, 
and stayed to the masonry of the tower. 

As the concrete of the tower, Figs. 1022 to 1627 was laid m situ, all the material had to be con* 
veyed fhnii the concrete mixing-floor at the level of the workshop, which was fully 50 ft. below the 
bottom of the platform, to the top of the rock, and then hoisted to tlie course under construction. To 
accomplish this an inclined railway, with siding on the 3*ft. gauge,^was laid upon longitudinal 
timbers, fixed firmly to uprights secured to the rock, from the concreto>mixing platform at the 


1632 . 1633 . 



depot up to the site of the tower. Hero a steam hoist was erectml, and so arranged that when tho 
trolly, with tipping skip, was hauled ud to the top of the incline, it was in position for direct lift, 
which was efiected by unhooking the cnain from the trolly, and attaching it to the skip, when it 
was hoisted to the height reouired. Tho rod chain suspended from the traveller at the top of the 
scaffold, arbusted to proper lengtli by removing or adding a link rod, to suit the courses of the 
masonry of the tower, was then attached to the hook of the skip, the crab chain was slightly 
slackened, and its hook relieved, and the skip was run forward over the centre of the tower, and 
the material tipped on to the banker, which completed the operation. The empty skip was drawn 
back into position for lowering by the counterbalanoe weight, the crab chain hooked to it and 
wound up a little, in order to relieve the rod chain which was detached, and the skip was then 
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lowered on to the titdly and run down the incline. During the tiiiio thus oooupied another skip 
was being filleii upon the trolly on the siding at the foot of the iuolino, and was ready for hauling 
up on the return of the empty one, an arrangement which allowe<i the work to go on smoothly and 
continuously. The scafiblding was made of timber, strutted and braced, and securely guyed with 
wire ropes to the rocks below. 

The top of the rock wna roughly quarried for the bed of the platform, leaving n core about 13 ft. 
in diameter and 7 ft. in lieiglit. 1'he mould, a segment of one-eiglith of tiio circle, 3 ft. in height, 
dressed on the face to a radius of 7 ft. 9 in., and a batter of 1 in 12, was fixed in place by tic bolts 
lewised into the rock. The concrete, composed of 6 parts of shingle and coarse sand to 1 part of 
Portland cement, was then thrown in to the level of the top of the segmental frame, and the opora- 
ti^n was repented by shifting the frame round until the course was coinph*te. The second and 
upper courses were laid in a similar way. The circular platform was 29 ft. G in. in diameter at 
the top, an<l 9 ft. high. The chamfered joints were formed by fillets tucked on to the face of the 
frame, and wht>n the work was strippc<l of the frames, the third day after depositing the concrete, 
the face prt sented an iipj»eurancc e<|nal t<» dressed ashlar, and as hard as a solt brick. lusteiul of 
dowels and joggles a balteii was fixed upright at each end of the frame, so that when tlu' e<uicreto 
was filled in, and the bitten romovetl, it left a vertical slot at each joint, about 9 in. long by 4 in. 
wide, tln‘ full depth of course, which nas filled in, and fomit^d part of the adjoining block, when 
the frame was shifttvl horizontally round, and again lilltHl with concrete. A concentric chaniad, 
9 in. broad hy 4 in. deep, was left in the upper surface of each course for a similar purjio.Me. This 
was fillttl u]) with concrete forming ]>art of the course alsive, so that the whole strnctun* was boiiini 
together as mie stone. In order to give a ^nl<»oth face to the work, care was ttiken that the Portland 
cement mortar, tl»e pri>i»ortions of which were 3 to !, was laid close tn the face of the monUl, from 
2 to :J in. tliick, nu<l carrioil up with the concrete or rubble work at the same time, to ensure iNpiul 
setting and uniform colour. To jirevent the nvirlar adhering to the fiice of the mould, soup, ls>ded 
with watiT to thf eon.'^i-^tency of cream, and applicil immediately before thf‘ work was commt'iiced, 
proved most ^atisfacto^Y. The face mordds, which were miide of pitch pine, w'cre first washixl 
thoroughly cb'aii, and Uien thickly jxiiuUmI with the st»ap solution by a whit4'‘Wiusher*s brush. 

Ujiou the top of the jdatfonn the tower. Figs, lt>27 to lb29, was carried up in the .KUine manner 
as previously described, with the exception tliat the mould fniines W'ert‘ made to mdinte from tiio 
iron centre of a frame firmly weilged and secured within the wall of the tower, budding simul- 
t.iia ously two blocks, wliieli formed op|K>site sectors, and completing the circular course in four 
shifts. The height of the tower and platform is 44 ft, the wt ll of the tow'er is 11 ft. in diumetor, 
and tlie thickness of the shell varies from 2 ft. G in. under the eavettr> at tin? rap, to 4 ft. •* in. at 
the plinth mouldings ; the bn>e is o ft. 3 in. thiek. There an; two floors with three landings, us 
the work wms dcj-igned for throe lln<»ra. 'J'hc girders for the floors are of rolled wrought iioii, and 
were built into the side walls as the work prociCJiUd. The floors arc of X irons n oting on tho 
girders, and hiiiit into the .'•ide walls; tlie spaces between, and for 1| in. above the iroii'*, are fillinl 
wiih tine eement concrete, in the proj>ortion c»f 4 parts of sldngle and sand to 1 part of crm<*nl. In 
tlie centre of the tower a hollow ca<t-irnu coinmn, IH in. in diameter and ® in. thick, in four lengths, 
is built into tlie pl.itforiii ; the ends of each 1< iii^th t* rminato with cireiilur flanges, whii’h are 
securely iMiltt il tog» ther. The top lengtli is liolted to the under siile of the |x.*destal of the optical 
}»p]>uiains whudi it snpj>orts. The partition of the watch room is miule of wronghi-iron plutos in. 
thu'k. There are five windows; tlie openings for tlusc and the dfx>r W'ere made hy fixing woisieii 
Cf ntn s foiiie d to tiie required shfip<* and Inmrded over, and tho o lUcr^ b' fllleil in with the (N'nises 
througli w hicli they pierced. Tlie .shercase cmisists of two w'rou:^ht iron spiral stringers, made of 
flat iruii, 7 in. long hy ^ in, thiek, with angle-irons 2 in. by ^ in. thick, rivetetl b» the iipin r and 
low«*r edg* s. d’he stiin-jers are firmly Isdb il to the floor of tlie tow'er, and the g-initTs and can- 
tilevers jit tl.e landings. The? risers and supports are of flat Imr iron, 21 in, dt>ep by in. thick, 
riveted to the iipiier ang-le iiv»n of (he* stringers; the tread plab'S are of east iron, with grating 
jianels, Tlie balusters are of |sdir,iied wrought iron IJ in. in diameter, with bright brass caps and 
Landrails. 


Tiie lantern pedc.stul. Figs. 1G27, ir/2j^, i.- of cast iron, seenrely fastened to the mas^uiry of tho 
ti»wer by twi lve 1} in. holding-down Isdt-, 3 ft. long. The inside is lugged with Ann ricaii yellow 
pine, and titled with brass circular ventilators, the si rvic*^ gallerh^a arc of cast inm, the incliiio 
Iraniing f<>r supjsirting the r<H)f is of wrought ir^ai, with giin-imdal, the cii|Kdu is <»f tu»p|sT 

double lined, sunnounbHl by a eopfs r revolving cowl with vane. An ontsiilc} ladder is fixed to tho 
r<M»t, and a liglitning comlnctor is carrietl to the flsit of the tower, and down a flsiiure in tho 
rocks Is neatli into a <ieep jssil, which is Kuhiaorged at high water of all tiileji. 

After the reiiif>val of the inclined railway and seufTolding of the b»wor, the approach wan fr>rni<Ml 
by cutting .stejis»out of the rs/k, and in .sc>me instunees by forming them of coiH»roto, protisded W 
wiiidw’ard hy a rongli-biiilt mhhle wall in cement laortar, with stones qiiarrie*! from tlic adjacent 
rocks, w'itii wdiicdi it rf»rre»j>on<led in appf'araiice when fiiitsbeii. 

T he* quantity of paraffin eonniimed was 2‘2G gallons in every twenty-four hours. 

. *I be gr<*at dt sidi ratuni in a lighthoniM; liiiniiiiiry wouhl apjsar to be a tnnxiiniim int 4 *nsiiv, crmi- 
bin^ I P^**^^*^*! foouMsing compactness in the optical iip]»aratiJH eiiiploved, for c^fiiidenarng tba 
i^lmtit light inb) an intensifie<l beam, and directing it to the sea Burface. In tlu'fM* resiiecta neither 
oil nor ^»iil-gas flames can Ls.* eon.nidered |H.rfect, large trials have thorefore bf en iiio^le of tho 
eh'Otric light. J. N. Douglass in 1879 made a most aide communication U* the Inst. C.K., detail- 
ing the results of its application at various places, and from this we extract the following 
paiticulars. 


I ig. 10J(. 18 an elevation of one of tho KMinela. Fig. 1037 «e< tioii of tho lantern and part of tho 
tower, 1038 j.lan of the holophotc, and Fig. 1033 plan of tho laiiti ni of the Houtor l»oiiit 
lighthouBO, where the rdwtric light wan llr»t bIiowii in 1871 ; it m aituaUKl about midway between Um 
cntrancoB to tho nvera Ijrno and Soar. Tho buildings compriso tower, ongiuo ami boiler Itouao, 
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coke store, workshop, store-room, and dwellings for five men. The tower is 55 ft. high, sur- 
mounted with a cylindrical helically framed lantern 12 ft. in diameter, having the focal plane of 
the light 150 ft. above high water of or<linRry spring tides. The buildings are all constructed in 
rubble masonry in mortar, and stuccoed in Portland cement. As no fresh water was to be found on 
or near the site for tlie b<»ilers, an asphalted rain-catch, 2100 sq. yds. in area, was laid around the 
dwellings, and four undergrourid storage tanks, with two cooling ponds, were constructed. The 
engines were provided with condensers, fire pump, and two Cornish boilers, and a fog-horn apparatus. 












mmr: 








The magneio-eloctric machines and fog-signal apparatus were originallv driven by frictional gear- 
ing ; but this was found to wear rapidly, aud caused considerable trouble. It has therefore oeon 
replaced by shafting, pulleys, and leather driving-belts. When, however, the atmosphere is impaired 
for the transmission of light, by rain, mist, or snow, both machines are worked, and with fog 
occurring, either by night or by day, the fog signal is sounded. 

Kither or both of the magneto-electric machines and the fog signal can be worked by either 
engine end one boiler, so that the complete apparatus for the production of the electric light is 
in duplicate. The conducting cables between the magneto-electric machines and the lamp in the 
lantern are 175 ft. in length, and oonsist of the following; — Between each magneto-electric machine 
and a current changer fixed against the wall of the engine room, there are two copper wires } in, in 
diameter ; and from the current changer to the lamp in the lantern there are three insulated 
cables, one of nineteen copper wires, No, 16 B. W. Q., and two of seven wires No. 14. With the 
current from ono machine, tho larger and one small cable are used, the larger cable going to the 







886 


LIGHTS, BUOYS, AND BEACONS. 


upper carbon, and the smaller cable to the electro-magnet of the lamp and lower ^rbon, With the 
second machine added, one current is coupled with that of the other machine and sent through the 
larger cable to the upper carbon, and the other Current is sent through the third cable direct to the 
lower carbon, without passing through the electro-magnet. With this arrangement no alteration ni 
the strength of the electro-magnet of the lamp occurs, in altering the light from single to double 
power, or from double to single power, and, consequently, no roadjustmout of the lamp with these 

changes of intensity is necessary. , . xt a* i 

As an additional precaution, an oil lamp of four wicks has been fitted to the optical apparatus, 
and arranged so that its flame ctin be promptly brought into focus in the case of a total failure of 

the electric apparatus. . , xi . j i r i 

The optical apparatus consists of a portion of a dioptric apparatus of the third order of l*Te8nw 
for fixed light, having a focal distance of 500 mm. in the central horizontal piano. It is referred 

to at length p. 843. ^ 1 1 r • * 

An improvement was made by Douglass in the arrangement of the turntable of this oppaiwtns. 
This consisted in the enlargement of the roller-path to the full diameter of the apparatus, by which, 
besides increased steadiness and 
precision, access to the interior of 
tile optical apjiaratiis is obtained at 
all times, without (he necessity of 
stopping it. as is usually the ca>e, 
and thns oltt ring for the time the 
exact character of the light. A 
lower reflecting light from the same 
luminary as the upper light is 
shown from a ^window in the tower, 

22 ft. below the upper light, for 
marking changes in Sunderland 
Bay, distant 6 miles. 

The log signal consists of a ;»air 
of Holmes’s fog immpets, with their 
mouths direot*‘d seaward, and their 
axes scfiarated 30°. These trumpets 
are fixed 87 ft. seaward of the light- 
house, at an elevation of 85 ft. above 
high water, and are sounded by air 
compressed to 30 lb. a sq. in., by 
a pair of pmmps w’orked by the 
engines. The compressed air is 
sent through an nndergroun<l pipe 
to a rco4 iver in the signal housi^ on 
which is fitted an automatic ap- 
paratus, to regulate the intervals 
and duration of tho blasts. The 
apparatus is arranged to .souml every 
forty-five sec<jnds, tho duration of 
each blast being four seconds, and 
the silent interval forty -one seconds. 

It has lately been necessary to 
replace the re^ trumpets of Holmes 
by a more powerful Siren trumpet, 
sounded by air compressed by an 
additional engine and boiler of 
twenty efiective horse-power. It 
will thus be seen that the motive 
power required for a first-class fog 
signal is sufficient for the production 
of an electric light, at the focus of 
the optical apparatus with an in- 
tensity of about 25,000 candles. 

At the South Foreland there 
are two fixed coast lights whose 
relative positions are E. by S., and 
W. by N. magnetic, and their dis- 
tance apart 449 yards. The focal 
plane of the low light is 275 ft., and 
that of the high light 372 ft. above 
high water of ordinary spring tides. 

Figs. 1040, 1041 are of tho 
South Foreland li|^hthouse arrange- 
ments for utilizing the electric 
light. The machinery ami apparatns consist of a pair of horizontal condensing cngineiL each of 
Cornwh boileri*, four of Ifoloibs’ti improved niagiu-to-elcK-tric machinM. of 
[or Houtt-r Point; toRf-tlier with the n.*oiw»ry ehafting. puU^ 
^ My two or all of the magneto.electric machinca witli cither engine. ^ ’ 

me conducting cables between the n)agncto.el«clric machinca and electric lamp la ea^ lantern. 
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together "with the current changer, are of the same form and dimensions as those described at 
p. 885. The condimting cables are laid underground, imbedded in asphaltc in 6-in. glazed stone- 
ware pipes. The distonce botweon the magneto-electric machines and the lamp in the lantern of 
the high lighttiouse is 694 ft., and between the magneto-electric machines and the lamp in the 
lantern of the low lighthouse, 592 ft. Tlie old lanterns wore utilized for the ^lectric light by 
the removal of the vortical framing and flat glass, helical framing and cylindrical glass being 
substituted. 

At the Lizard Light the machines are arranged to be driven by a leather belt off a pulley on the 
fly-wheel shaft of the caloric engines, the speed of tho engines being sixty revolutions a minute, and 
that of the dynamo-electric machines eight hundred and fifty. £ach pair of dynaino-eloctric 
machines is fitted and bolted to the same cast-iron biise plate, together with an intermediate pulley 
frame nrovided with two pulleys. The axle of each maohino is connected to the axle of the pulley 
frame by a faced di^ coupling and four bolts, and thus no unnecessary strain in driving is incurred 
at the axle or bearings of the dynamo-electrio machines. During clear weather the current from 
one machine is sent to each lantern ; a second caloric engine, with banked fire, and its two dynamo- 
el^tric machines, being kept in readiness for immediate use. When the atmosphere is impaired by 
rain, mist, or snow for the transmission of light, the second engine is started, with its two dynamo- 
electric machines, and the current from two inachinos coupled is sent to each tower, giving a mean 
intensity of each luminary in focus of about 8250 candles. 

Whenever fog occurs the fog signal is sounded by one engine. With the occurrence of the fog 
betw^n sunset and sunrise, and with tlie dynamo-electric machines going at the time, the second 
caloric engine is started for the fog signal, and the lire is lighted in the retort of the third engine ; 
but if four of the dynamo-electric machines happen to be at work at the time of tlie fog occurring, 
two are taken off the light ; the engine which was driving these is used for the fog signal, and tho 
third engine is kept in readiness, with a bunked fire, in case of accident to either of the other 
engines. 

The caloric engines. Fig. 1221, are used to drive the dynamo machines. The conducting cables 
between tho dynamo-electric machines and tho lamp in each lantern, a distance of about 280 ft., 



consist of uinoteon copper wires of No, 16 B. W. G,, covered with one layer of felt tajKi, then 
insulated with pure imiiarubber, and covered with a double layer of ootton tape, saturated with 
indiarubber solution, the cables having a diameter of 0*425 in. The conductivity of the oopp^ wire 
of these cables is 90 per cent, of that of pure copper. The cables are led lix>m tho dynamo-electric 
machines along the surface of the walls at the upper part inside the building and are carried by 
means of wooden suspenders secured to tho walls at every 3 ft. A current ohangor is fixed to the 
wall of the engine room, and is so arranged that tho current from any one of the dynamo-electrio 
machines, or any pair of machines, may l^ promptly sent to the lamp in cither of the lanterns. The 
lamps are six in number, being two for each lignthouse, and two spare. The lanterns are tho 
improved ovlindrioal helically framed, first order type of the Trinity House, at first intended for 
first order dioptric oil lights, and consequently larger than are really necessary for accommodoting 
dioptric apparatus for the electric light. 
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The optical appara^ for the two fixed lights, designed by Hopkiiisoii, and manufactured by 
Chanoe Bros, and Co., is of the same dimensions and general arrangement os those at the South 
Foreland, and the optical apparatus for the eleotrio light, exhibited by the Briiisli Trinity 
House at the Paris Exhibition, 18(57, was utilized in their construction. Both liglits have their 
focal plane 227 ft above high water of ordinary spring tides, and illuminate a sector of sea surface 
of 235®, extending from tlie horizon to withiu i mile of each tower. In both the landwturil arc of 
light of 125® is utilized, in the same manner as in the South Forolnud ap^mratus, by iiolophotos and 
vertical prisms. lu these the optical requirements are fulfilled very satisfactorily. A six-ooueentrio 
wick mineral oil lamp is provided, and fitteil to each api^aratus ns a stand-by, in case of accident 
to the electric liglit. Tlie fog signal consists of a cylindrical Siren, by Douglass. Its form is a 
hollow drum, 6 in. in diameter by yj in. long, haviug twelve longitudinal slits iu its surface, 8J in. 
long by \ in. wide. The aperture or mouth of the trum|H‘t com*8ponda in form and dimensions to 
one of these slits. As the drum is driven at a speed of forty revolutions a secoinl, the compressed 
nir, at a pressure of 50 lb. a square in., passing fi-ocly into the drum, is in its passage through the 
slits to the trumpet cut off twelve times in each revolution, thus making 480 vibrations a second. 
The compressed air is accumulated in two receivers, of a collective capacity of 334 cubic ft. Tho 
Siren is arranged for giving one blast of five socomis* duration every five minutes, tho opening and 
shutting of the admission valve for tlie blasts being effo<‘te<l by gearing, worked from the shafting 
which drives the Siren. The cast-iron truin|>et, 15 ft. long by 18 in. in diameter at the inoutb, 
is pivoted for setting in any direction in azimuth over the illumiuated arc, and it is always, when 
sounding and witli wind blowing 

at the time, pointing to the wind- uw 4 . 

ward portion of tho above arc. 

Comiuunicatiou is established 
between tho engine ivK)m and 
lanterns, also between each 
lantern and the Ixiilroom of each 
lightkeej>cr by spt akiug tuKs. 

In thc^ French ligbtliouse 
system in adopting electrical 
lighting at the Cape La Heve 
lighthouses, it was found neces- 
sary to construct an engine house 
with coal store, woik>hoj), ruin- 
catch, and storage tiinks for 
water, a square rotun on the top 
of each tower for the optical 
apparatus, and dwellings for 
three ailditional attendants. The 
lunch iriery and appanttus cemsist 
of two }x>rtable steam engines, 
each of 8 horse-pcjwer, and four 
Alliance inagnebvekKJtric ma- 
chines, each containing foity- 
eight helices, arrangetl in six 
wheels, and fift 3 '- 8 ix comj>ound 
jK-rmanent magnets. Tlie lan- 
terns which surmounted the 
towers when oil lights were 
exhibited have been removed, 
and the electric latii|>sare placed 
in small cj-lindrical latilerns 
made almut 2.} ft, in diameti'r, 
jirojei'ting from the seaward 
angle of the s<jimre s#'rvice rorim, 
the arc illuminated bv eacli light 
being 27.5®, Figs. 1(512, 1(343, 
which are respfjctively a plan 
and section of the lantern and 
watch room. The ojitical instru- 
ments in each tower consist of 
two dioptric apparatus of the 
sixth order, ha\ ing a focal dis- 
tiince in the c<‘ntrtil plane of 
150 mm., placed one above the 
other, and similar tn the arrange- 
ment adopted at Duiigeness. 

Kac'h optical arrangement is 
provi<led with two Berrin lamps, 
and in caae of awsident to the supply of the eh-ctrir current, an oil lamp is prorld.*! to U placl in 
in thelipht nrotlneed by one Alliance innifiicto-ohr trie machine 

-CO lujca, or French unite, fieing equivalent to 1920 candles, nr Knulish units. 
thiJk inachiuo is employed for ceudi lif'hthouac. Willi 

machines ore used. The intonsity of tho light from the optical 
apparatns with the luminary of one machine in its focus is estimated by Allunl lit HiiOO French w 



)6i6. 
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about 43,200 English units. With the luminary of two machines in focus this intensity is doubled, 
and would thus appear to be about 86,400 English units. 

Pig. 1044 is a section, and Fig. 1645 a plan of the lantern at Cape Grisnez; here two steam 
engines atid two Alliance magneto-electric machines arc placed in a room at the base of the tower. 
The electric light is exhibited from a small cylindrical lantern attached to the service room as at 
Ca|>e La Hdve, the old lantern and optical apperatus being rfdaiiied in case of accident to the 
electric liglit. The ontical instrument consists of a dioptric apparatus of the sixth order for Oxed 
light, having a focal distance in the centml plane of 150 mm. Around tliis are rotated vertical 
lenses for producing the flashes, one lens l>eing devoted to each flash. This optical apparatus, as well 
as those at the La Hdve lighthouses, was manufactured by L. Sautter, Lemonnier, and Co., of Paris. 

In tlie discussion on 1 touglass’s (^per. Admiral ColliuHoii stated that on <ymsulting the lights of the 
world, it will be found that about sixty distinctive chameters are used. Babbage, in 1851, thraight 
it would be desirable that a numl>er should be ^ven to each lighthouse, that symbols should be 
employed to represfjut that number, and that the lighthouse should k(‘ep continually reproducing it ; 
(dlier suggestions had boon made. Of late ye^irs the principal one Ijad been by Tijomson. wlio had 
suggested the introduction of the dot-and-dash system, in order that, by irn aris of tlie Morse ccnle, 
eacli Itghtbons^j might be enabled to spell its own name. Practical semtnen, however, thought that 
sfunething might intervene betw(‘en them and the lighthouse, and that they might Ix'gin to si»ell 
the word in the middle instead nf the beginning. A ship might l>e interposed, or the lightkee]x?r 
might, in doing something in the lantern, iiiterpt>se his head. It was therefore thought better to 
adhere to the system already in use, by which each lighthouse proclaimed its own individuality in 
a simple and unmistakable manner, and to let tlie sailor bear the onus of making hinis<.lf 
acquttinttMl with the special cliuracteristic of each light. The great increase in the number of 
lights, bow’ever, had of late caused some complication, when fortunately Wigbam, in experimenting 
with gaslight, suggested the plan of cutting up long fliushcs into groups, by which metluxl the 
power of the light would not be impaireil, and tlie flu.sbos could be repeated at short intervals. 
When it was ascertained that tlie system of group fla^hillg s<*ciirt*d an absolute equality of power in 
the flashes, and a more effective plan for distinctive purjioses, it was at once a<loptt d. 


Tarle I. — System of Distinxtive CHAUArTEiis or Ltohts. 



Ccjost Lights. 


i 

llarlsiur Lights. 




Relfiilivc 

1 


Relative 


Flsshing. 

Approximate 
Jiitcnsity 
nrp*«cnt f\x<*tl 
White Light, 


I'hishing. 

Approximate 
lntei»*ny 
present fixtxi 





Whifn Light, 



1 00. 



10(1. 

1, 

White single flashing .. 

. 550 

1. 

One white and one green llanh 

367 

2. 

,, double „ 

550 

2. 

„ „ t\% 0 gret n ^l!l^hes 

3ti6 

3. 

„ treble ,, 

550 

3. 

Two white and one green flash 

407 

4. 

„ quadruple flashing 

550 

4. 

One white and three greein 

275 

5. 

,, quintuple „ 

550 


flushes 1 

6. 

One white and one red flash . . 

i 303 

5. 

Tw<» w'hitonntl twogrecn flaslies 

367 

7. 

,, ,, two red flashes 

, 310 

6. 

Three \vhit<* aiul one iinxm fla.di 

4.-)S 

8. 

Two white and one red flash .. 

1 445 

”7. 

One wliiteaud four green flashes 

257 

U. 

One white and three red flashes 

; 314 

8. 

Two white and three „ 

330 

10. 

Two white and two „ 

i 303 

9. 

Tlirco white and two ,, 

: 40.3 

11. 

Thn»e white and one re<l flash 

! 471 

KK 

Four wiiile nitil one green flash 

477 

12. 

One white and four i-oii flashes 

, 298 

11, 

One gri'en and one red flash .. 

250 

i:t. 

Two white and three „ 

: 361 

12. 

,, „ two reti flashes 

; 271 

14. 

Three white and two „ 

424 

' 13. 

Two gnoii and one red flash 

! 227 

15. 

Four white and one red flash 

487 

il4. 

( >iie green and three rcnl flashes 

; 282 

16. 

lied single flashing 

235 

! 15. 

Two green and two „ 

i 250 

17. 

„ double ,, .... 

235 

|J6. 

Three groc^n ami one rtjd flash 

216 

18. 

„ tn‘ble „ 

1 235 

f 17. 

One green and four red flushes 

289 

19. 

„ qumlruplo flashing 

235 

,18. 

Two gretm and three „ 

i 262 

20. 

„ quintuple „ 

235 

19. 

Three green and two „ 

Four green and one reil flash . . 

! 236 



,20. 

i 209 


Mean 

393 

21. 

Green single flashing 

! 183 



i22. 

„ double ,, 

1 183 


OcciUtinff, 


23. 

24. 

„ treble „ 

„ qiiiitiruple flashing 

383 

183 

21. 


100 

25. 

„ quintuple „ .. . 

1 183 

22. 

I>i>uble „ 

1(10 


Mean | 

i — — — 

23. 

Treble 

100 


282 

24. Quadruple „ 

100 


i 


25. 

Quintuple „ * 

100 


1 



In using different colours, to keep the flushes of the same iiower, it was nc'oessary to put a 
greater space into the red light; and tlius we have now the power of raising the intensity 
of the up to that of the white light. In the foregoing table it will be eeen that by cutting 
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up the beam of light into two, three, four, or fire eection^ 

'Mmob. as just stated, can be brought up to ^unl power mean oower of the light 

simple dtatinotions available for coast illumination mu ^ ob^"^ green colour 

thui produced being 393, as against 100 for a fixed light. By tte inti^uotion o^gw^ 
twenty-five distinctions could be made available for labour j distant 

namely, that every light would bo of the same power and would show pwiwy tto eroe 
no matter what the weather might be. With the green colour 

light produced would be 282, w against. 100 »ight In to tow 

t£°iiSStif ™3;»S ‘.d L to". nM 

that the two most important are the hulophotal totally Jg^Ung 

which the rays are paiillelized both in the horizontal 

prisms, by which metalUo agency was oltogetl.er Thf ontKS™ ts in use 

substituted in its place. In applymg tlioM instruments azimuthal condensing 

for adapting lighthouse apiiaratus to different local i^wremen^ the 

system is largely employed ; the principle has been applied ^ 7^8 9 Fie 1646, a form 

cJirnbined with the condensing system the twin prisms, numbered 4, 5, 6, 7, 8. 9, Fig. IMO, a lonn 


1646- 



1647. 



which admits of the more easy adoption of Swan’s proposal of placing prisms 
Troitfso to cause the light coming from those behiml to i,a8s thi^ugh tlie 

front orisms At Lamlash, where the twin prisms were hrst employcMl, the apparatus ueen 
thxJ made w compact, as to reduce to a large extent the size of the lighl-room which would othcr- 


1649. 




wise have been required, while tlie loss due to absorp- 
tion in passing through the glass has been also tnaie- 
rially reiluced. The greatest amount of condensation 
Btevenson lias had to carry out was at Cape Van 
Diemen, Now Zealand, where the whole dbCT was 
condens^ uniformly over a sector of 89^, Figs. 
1647, 1648. 

A further improvement, increasing the extent to 
which total refl<!ction can bo carried, are the back 
prisms. The Fresnel form of prisms is limitt'd in its 
optical action to the critical angle, which, for most 
glass restricts the angle of deviation to 90®, beyond which angle those prisms arc inoperative; 
whereas the back prisms can, if necessary, bo nuwie to render tbo rays parallel up to nearly 180®. 
Tliose prisms are shown in the holophote, Fig. 1649, by the letters o, c, A. 
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The application of the azimuthal condensing prisms to dioptric revolving, flashing, and inter- 
mittent lights, due to T. Stevenson, is delineated in Figs. 1650, 1651, and it consists of straight 
prisms revolving round a fixed light apparatus. In the arrangement Figs. 1650, 1651, these prisms 
intercept the light so as to produce perfect darkness over tlie arc they subtend, while the light 
which falls upon them, instead of being parallelized, is spread uniformly over the intermediate 
sectors of light which come from the fixed apparatus. By this mode the use of double agents is 


1651 . 





it^trioted to certain portions of the apparatus only. Thus the power of the light is increased, in 
direct proportion to the duration of the intervening iieriods of darkness, for the rays which are 
intercepted by the upright prisms are bent, so as to become auxiliary to the intervening illuminated 
sectors. Neglecting the loss due to absorption, the power is doubled when the periods of light and 
^rkness are equal, trebled when the periods of darkness are twice as long as the light, and so on 
in proportion ; while in every case the rays are spread with rigid equality over each illuminated 
sector. The periods may, within certain limits, be made unequal; or coloured lights may be 
adopted, in which the f)ower could easily bo equalized. 

Ity using the principle of tlic diflerential lens, it, in this case, becomes a diflerential cylindric 
refractor, whose centre of inside curvature is ex-focal, that takes the place of the central refracting 
drum in IresncI a tixo<l light. In the Mull of Galloway ap)iaratus, all the j^arts of which revolve 
together, this difilreiitial refractor, marked AB in Figs. 1652. 1653, would be a meniscus in 
horizontal section, so as to condense 60 ' into 40"', which is needed to give the required characteristic 



of the Mull of Oalloway, namely fifteen seconds dark and thirty seconds light. The vertical profile 
of this insirttment will lie the same as that of the ordinary cylindrio refractor, while the upp^ and 
lower joints will be convex oonoidal and concave conoidal respectively. By the compound action of 
this single agent the whole efibet of the intermittent light will be protiuoed, so that two agents 
are sav^ at tha oentral refracting part of the apparatus. The straight prisms will not, therefore, 
extend beyond the upper and lower cupola or reflecting prisms. The difficulty of execution 
prevented the application of the same principle to the upper and lower prisms. 

Both the dinbrontial lens and refractor are well aaiM>ted for the requirements of the electric 
light. In experiments made at Edinburgh, in 1 868, by Stevenson, with the common plano-convex 
lens with the ordinary lenticular divergence, the diflerential lens with of ^ificial divergent 
in aximuth and o^inary vt*rtionl divergence, and a double Ions having of artificial divergence in 



842 


LIGHTS, BUOYS, AND BEACONS. 


azimuth and 8® in altitude, the following; results were obttvined ^ith the liquid photometer;— 
Plano-convex lens = 1*00; differential lens = 0*90; double lens == 0*75. Tho result shows that 
the double lens is not only much infoiior in jiower, but that tho distingnishinia: peculiarity of tlie 
electric iiash was so far lost ns to assimilate it in a great degree to tlie oil lights. This seems to 
show that the highly distinctive flash of the elc»ctric light, when acte<l on by optic.il a])paratu8, is 
not so much due to a greatt'r amount of light as to the more complete paralirlism of the rays, efleoted 
by the refracting medium through which they passed. 

The dioptric combinalions employed in the lighthouses refc‘rred to pp. 885 to 887, wore entrusted 
to James T. Chance : they are described iu the M.I.C.E., vol. Ivii., from whence the sucoeotling 
account is condensed. 

In the Fresnel, or dioptric, apparatus the source of liglit is placed in the centre of a structure of 
rings, or annular segments of glass, of such generating sections that all tho incident light may l)o 
eoiidonscd and directed upon the sen. This condensation may take place only in v<*rti<‘al axial 
planes ; in that case the sea is uniformly ilinminated in all directions in azimuth, and the apparatus 
is termed a fixed light. The sphere of light may, however, he divuhd into variou.s portions by 
vertical planes through the centre; and each segment of light may l)e condensed both vertically 
and horizontally. The result is a number of scquirate sr»lid )x*nins; and, in order that they may bo 
seen by the mariner, the apparatus must be made to rotate. This, accordingly, is cuUihI a revolving 
light. 

The following preliminary remarks refer to fixed lights ; and the term <livcTgi*nce is therefore 
used for that in a vertical plane only. AVlieii a flame is employ^! ns the luminary in a lightliouae, 
it is not enough to cause tlie rays from any |x»iut i>f it to emerge in parallel din ctinns; fi»r tlie angle 
of <livergence arising from the height of the flame nui.^t also he c<*inpress4‘d within useful limits, in 
order to avoid wa.^te of luminous fK»wer. This can lx* efl* ctq^l only by enlarging tin* diaiin t^ r of 
the apparatus proportionately to the height of the flame. Hut even the large^t apparatus now in 
use, though 1*84 metre in diameter, is inadequate for the inerejised ii.imes introduced of lute years 
into lighthouijes. 

There is manifestly great economy in employing a small instrument ; and aNo an evident 
simplicity in adopting one whose radius is sliort enough t<» enable a dimiinitive mdiant, by tho 
vertical angle it subtends, to aflbrd all tho divergtmee wnnte<l for covering tin* sea to th<* rMpii-ito 
distance towards land. But the carlsm points of the ch*ctric light cannot y<*t he dependent njsai for 
immobility upwards or downwards, so that tlierc is always a contingency of a change in the din‘C- 
tion of the angle of emerging light, inasmuch as this moves together witli the radiant itsidf There 
is, mor(X)ver, no proper gradation in the intensity of the illumination of the* sea at iliflercrit tlistances. 
The light which is emittcfi ujioii the sea at a few miles from Inml may U* as is)W4*rful as that 
which is dirc’ctvd towards the horizon, whereas the quantity of light thus lavished on the in ar sea 
ought to \)e added to that which is transmitted to tlie horizon. 

With the flame a gradation of ligiit does exist. For example, according to Allard, with a first 
order fixed apparatus, having a lamp of five w'icks, out of tlie total quantity of light ineludt'd in a 
solid angle of in heiglit, 45 |:K‘r C4 nt. is containc‘<l in iho angh'of only 1^ in height that is bis<*et4 <1 
by the horizon direction. The Fresnel systoHi of zones renders it easy to imitate with tin* eh ctric 
light this eftVet of gra<lation, so as to allot to different di.-^tances lUi the* sea what< ver projM)rtions 
the total quantity of available Lght may be dt>sire<l. But to attain this end, and to rliiiiinate the 
defects which hav«* been iinlicated, it was necessary to abandon, in the 4’nse of tin* < arl \ iitw* of the 
electric light, the plan, however obviously suitable to flames, of dep* mling upon the lieight of the 
luminary for the required vertical divcrgi iice, and be thus fre**- to redma^ ^on^id( rahl> the diver- 
gence due to tlie height of the light, so as to Ix; able to utilize this rauiant to the best adMiiitnge. 
This could be accoinplidied only by cmidoying an optical instninn'iit of rnuch incn'usi d diameter. 

A p<»rtion of this larger apparatus may still be ailow<4l to i/jirallelize the radiant light; thus 
the emerging beam, imw* g^reatly compressed, may lx* devoted to illuminate the horizon and di.nhint 
sea, while 8pc*ciul gem*rating sections may be given to the rc-st of the apjrarntUK, s/> ns by suitn}*le 
angles to distribute the illumination from the horizon towards liiinl, to stieh di^tances aiid with 
such gradation of intensity as may t>e desired. 

The divergence due to the luminary will, of course, always move with it, howi-vcr large the 
apparatus may be, in case of deviation of the carlxm ikuiUh from their projsT {sisitiori ; but when 
it U br>rne in mind how small an angle <»f divergcm*e, gt ncrally less than 15% rovers as much as 
three-fourths of the sea from the horizon inwards, it is clear ilmt no such displacement «»f the 
carlKin jxjints could cau.se the sea to be left in darkness, provided that a due angular margin be 
allowed, Ixtween the direction of the horizrm, and the upin r Ixundary of the spi cial div« rgence 
obtained from a portion of the apparatus. 

With a large instrument, mori over, luminous power may lx* srsirctl for spreading light by means 
of particular zones over any sixcisl part of the sea. This will be < xemplifird in dt^ribing the 
F^iith Foreland lights. Generally, the rays issuing from tho eh-ctric light ran l>e e^mtrolloil by Ih© 
Fresnel system of independent zones, so as to l>e made to illuminaU; any iiort c»f tho S 4 ;a with any 
required relative intensity. Such diversion, however, of any light from the liorizi>n C 4 uild not 
mOTiitted if the whole emerging light has unavoiilabJy, as in the case of a small aiuxnutus, a largo 
divergenco. 


large appamtus, to 


It would b© superfluous, when such urgent rc^asons exist f4»r preferring a 
adduce other considerations of less importance which confirm the same view. 

Since the instruction of tli© apriaratus her© dcscrilxil, a great oclvanc© has !x»on moil© in fhioi 
electne light itself, and certain modifications have l»©en a(lopt 4 *d, which produce varying it]tc*nsiti<*s 
m dii!eT4.nt directions in azimuth. These latter changes, if maintained, will have to Ixj taken into 
account in designing future ajpfiaratits. 

It was a matter wmriJtTation whether two condenaationa, the vi rtinol and the h«riz<inUl 
could t)e effoctod without employinK two optical agenta. No difficulty of thia kind preaonta itaclf 
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to the focal plane at 85^ 2' ; and also eight lower oatadioptrio zones embracing a Tortioal angle at 
the foons of 30® 17\ its upper boundary making with the horizontal direction an angle of 85® 14^ 
Hence 140® in height out of 180® are acted upon by the glass portion of the apparatus, but the 
actual portion of the whole of the light contained between any two meridian pianos intercepted by 
the zones of glass is 92 per cent. 

The apparatus is divided, as regards vertical divergence, into two distinct sets of elements. Tlie 
middle refracting btdt, together with the three zones next above and the three zones next below it, 
are made to give a divergence of 1® above the horizon and 3® Inflow it, in addition to that due to the 
dimensions of the electric arc: whereas the tliree highest refracting zones and the three lowest 
zones, together with the whole of the catadioptric cupola and all the lower catadioptrio group, 
depend for tlie divergence of the rays issuing from them, upon the angles subtended at ouch of thorn 
by the electric arc. To the 3® of special divergence provided for the sea must l>e added half of 
the luminary divergence. If 9 mm. be taken as the height of tlie electric arc with one machine, the 
total divergence on the sea will be 3® 31'. The fot'al plane of the light is 150 ft. above high water, 
80 that this angle of 3® 31' will extend up to 77*2 yds. from the tower. 

The angle of 1° above the horizon is allowed, in order to provide for any ex*focal displacement 
of tlie electric arc in a vertical direction ; bnt this allowance, as it concerns the maximum intensity, 
is only 29^, for the semi-angle due to the size of the electric arc, taken as 9 inin., has to lie 
deducted, inasmuch as the maximum intensity would extend over the whole angle, on the supjiosi- 
tion only that all the light proceeded from a mere point, insttwl of from a radiant having magni- 
tude. The addition of the divergi-noe of the radiant to the special divergence given by the 
apparatus, causes the latter angle to open out, and therefore diminishes the luminous intensity nf 
the expanded beam at each of its sides, in regular gradation, over an angle equal to the divergenoo 
due to the size of the radiant, one-half of which falls within the angle of special divergence. 

The revolving drum consists of eight equal sides divided into three panels in lioight, each of 
which is com^xised of seven vertical lenses, one in the middle and three on each side of it, their 
height being equal to tlmt of tlie fixed apparatus within, the diameter of the inscribed circle of any 
horizontal section being 1'40 m. The generating section of each lens is such that the light whi<*h 
falls upon it from any point of the Imninary is spread over 7® 8' in azimuth, the axes of the 
emer^ng beams from eacn of the lenses of any one of the eight sides, being peri>«‘ndicalar to tlio 
interior face of that side. While therefore the angle of horizontal divergence belonging any side 
of the octagonal revtdving drum is passing across the vision, all the seven vertical lenses ajipcar 
the eye to be simultaneously illuminatcii. 

The diameter of the electric arc, as originally communicated to Chance, subtended an angle of 
only 22'; and tliis, added to the special divergence of 7® 8', gave a tohd divcrgtmce of 7® 30', which 
was expressly calculated to give 5" of fiash; but the diameter of the carbons has since been 
increased to 9 mm. for one electric machine, and to 12 mm. for two machines. 


The sections of the lenses are so calculat«l as to sjiread the light uniformly over the angle of 
horizontol divergence, and, except for a small angular space* on cither side of this angle, atising fnun 
the additional divergence due to the diameter of the luminary, there is no waxing ami waning, such 
as is the case when a flame is the source of light, but the fuirbrilliancy of the thish comes almost at 
once uix>ii the eye, and so continues for nearly its entire duration. 

It is evident that where the Hash is most inh^nse in the ce ntre, and beromes gra<lunlly weaker 
towards either boundary of the angle, the visible divergence and therefore the diiriiti<»n of the flash 
diminishes as the eye recedes. On the other haml, the maxiniiim intensity of the flash Ktifh rH a 
diminution corresp<Jiiding to the maintenance of a uniform intensity througUont the entire angle. 

With a flame there is no choice; the increase of the intensity from a minimum to a maximum, 
and then the reverse gradation, arc; its necessary concoinitants. Thus in a first onler revolving 
light, with a five-wick lamp, according to Allan!, the inten.sity of the mi<Mlo of the flash in the 
middle of the focal horizontal plane is 7150 Frencli units ; but if the inUmsity were uniform 
throughout the whole angle, its mean value would lie only 4700 units. 

The electric light, however, can Ikj easily made to exhibit tin* api>eanincc of waxing and waning 
in various ways, such as by e<?centring the uppt r and lower panels of vertical prisms, so os to 
produce any gradation of inten.-^ity that may be desire4i. 

The fix^ light embraces only 180® in azimuth, so that a hemisphere of ravs from the luminary 
was available for any subsidiary purjiose. Douglass proposed to c/*ridense the chief part of this light 
in a hon^ntal direction, and by means of reflf^rtors to l>end it first verti<*ally downwarfls and 
again horizontally, and then to transmit it through a window in the h»wer 22 ft. Udow the anitfi- 
ratua, for the purf^sc of marking certain dangers in Bumlorland Bay. In ord. r to accomill sh 
this, a segnaent of a holophote of 150 inra. r.uliiis is used, to eondonm* 5* 0 ikt cent of the Lu k 
hemisphere into a nearly cylindrical beam. This is inU*rcepte<l and sent veitl*a11y downwards bv 

a group of five ri^ht-angled straight cata^lioptric prisms, u|>on a group phiced dirtily Mow them 
of five similar nrisma hv if ia .. .ir. < owiow wiern 


issuing from it at the same horizontal angle; and the generating sections of those mneave T” 


Pigs. 1657 to 1662 refer to tho dioptric apparatui at tho South Foreland Fimi 1R57 iiuti 
Tcrti^l Boctiona, Figa 16.W, 1661, election, of the holophoUl WTOi-leii^ and 
and Fig*. 1659. 1662, half plans; p indicates the focal pfanelV rTho ' 

The hi^h iS.t ^ 


A third order fixed apparatus is used with the high light. The refraotiuK renoa. FI«. 
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1659, are mado to spread the light falling upon them from the central focus over various angles of 
vortical divergence, all of which commence 1° above the horizon direction, but extend to increasing 
angular distances below it. Thus, the ^It sends its light up to 1®, the fifth and six pairs of zones 
above and below it to the fourth pair to 2®, the third pair to the second pair to * 6 ^, and the 
first pair up to 5® 24 J', which corresponds to 1174 yds. from the tower. 

Wliilo, therefore, each of these angles of vertical divergence includes the horizon, they follow 
each other in succession, reaching farther and farther, until the largest angle brings the illumination 


16ST. 




up to the required distance from the lighthouse itself. It will bo observed tliat the lenses above 
an«i K*low the miiidle belt act together in |)airs, the object being to provide for the contingency of 
any part of the light from either one of them Ixriiig intercepted by a l>ar of the lantern. The light 
inci<ferii on tiie iipt>er and lower aeries of catudioptric prisms is imrullelized, and directed towards 
the horizon. 

The fixed third order instrument illumines 22G® in azimuth, so as to leave an arc of 134® of 
spart^ light on the landwanl side, which is employed to strengthen tiie front or seaward arc in the 
high light, by means of the following optical arrangements ; — A small space in tlic middle of the 
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landward am m requirod for intiwlnoinff or removing the cl.'ctric lampj^but nearly all the remaining 
arailaWo ui^.t i. to int.,n«iry Uu- Tllumlnation of the front arc. For 
a. ini-lona. in a rt^tangnlar jwnel, is Hxci on each s.do of the rearward 

ment, so as to have iU focii at the electric arc. The focal length of each le^ « 18/i mm., and lU 
asia liea in the liorisontid focal plane, and is coincident with Wnd of 

arc. On ouch side of the apiiaratus is also fixed a sen.a of five vertical prisms of Um «s^ K«"d of 
glass, S»8 mm. in hciglit, of which one is refracting. Imving it.^ 

of the ihrae are catadioptric of the opluwry section adopted by hrosncl, and the littn is a 

hack priiimof*tCform suggiat^ by Stevenson, as admitting of tho deflection of light constdorably 
boyund IKT* Tlii in refemMi U> in Fig. 164i>. 
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The form used by Fresnel was limited by the restriotioti of making the two refracting sides of 
the generating section ooiiioident with the paths of the two extreme incident mys, so as to secure 
the niiniiiiuin thickness of glass. No one, however, can doubt tlmt Fresnel would in the first instance 
express his formiilro iu the most general terms, but in the apparatus which ho invented any defieo> 
tion beyond 90® by totally-reflecting prisms was not required. Tliis series of vertical prisma inter- 
cepts the beam which emerges from the lens, and deflects and spreads it uniformly over the one 
half of the illuminated arc, Tiio various sections, however, receive diflbront quantities of light, so 
that, in order to render the emerging light of uniform intensity, the sections must be so cidouiated 
as to have angles of emergence iude(>eudent of each other. For this purpose the generating section 
of each of these vertical prisms has its own distinct focus. 

In the low light. Figs. 10(50 to 1(502, the illumination of the sea was to bt) brought even nearer to 
the lightliouse than in the previous one, namely, up to 301 yds. from it. To effect this, the middle belt 
is divided inu> four zones, two immediately above and two imineiliately Ixdow the focal horizontal 
plane, and of such scctioiKs respectively that tlie two up(>er zones spread out their light from the 
tlirection of 3® -11' below tlie liorizon lino up that of 17® 23', which corres^tonds with the 8i)ot of 
301 yds. from the tower ; ami the two lower zones spread their light from the din^ction of 5® 1 1 
below the horizim line, also up to that of 17® 23'. The refracting zones above and below are 
made to act the same* as in the high light, nud all the catadioptrie prisms likewise iiurftllelizo the 
light incident u|)on them, and tmn.'smit it iu the direction of the liorizon. In the low light the iiiaiii 
apparatus iiluminnte.s 199® in azimuth, so that the arc of spare ligiit is IGl®. The available land- 
ward light is utilizi d, tis in the manner just destrrii>ed, hy a semi-lens and vertical distributing 
[irisins, placed on each si<le of the Imck of the main iiistrinnont. I'liesio vertical pri.sius are six in 
numbt-r, and ctinsistof one refractor, four Fre&nel prisms, and one sjiecial prism for deflecting beyond 
about 9n®. 

At the Lizi'.rd there are two liglit.s, exactly uliko in construction : and in eacli of them the whole 
of the apimratus, except the five refracting zones below the middh* belt, is caleulated to parallelize 
the rays from the luminary. These five zones are diverging ones. The first, namely, tlie ono 
imineiliately Wlow tie* belt, togi ther \Niih tlie fourth and fifth, ciHoperate as if only one z*»iie, in 
ranging from tiie hoiiznu to 9® oO' Ik*Io\v it. The second and tliird ci.>-opende in the same manner, 
and together range fiuiu the horizon to 9® 30' below it. 

TaBLK II. CoNOKNSl.SO PoWER. Foil THE IIoUIZOX ANI> DISTANT Sea. 


S>rPiit’r J’ointf Kcwiruij. 


Catadioptrie zones 44*220 

« iBelt and tliree zones alHivu ainlll 

*5 I IhIow 4'' divergetu’e / 

SiTlirte higliest anti tiiri,*e lowest i p».()v 
^ zones / 


Vertical prisms of the revolving drum , . G ■ 1 7 

Si tut h I'ijced. 

Catadioptrie zones 4i*2*2G 

Refracting bv It and zoiurs .. .. .. 22*G 

Auxiliary wings 13*235 .. ; 


Catadioptrie zones 
Kefracting zones, except Ixdt 
Auxiliary wings 


South Forelawi^ Im>jo Fixed, 
.. ; 44-22C i 


16i>01 I 


Two Lizard LujhiSj Fixed, 

Catatiioptric zones 44‘22G t 

I ^ iBcdt and upper zones 32*2 

^ S jlxiwer zones clifipiiig to 9® 30' , .. 2*1 » 

Auxiliary wings 12*4G’3 .. i 


*roj>ortl<»n 

Efiiicrging 

from 

IpiKiratuis. 

l*rt»|H>rtior 
ciiH^rging 
fiulil 
I4ia0 rn. 

1 

Knip rgiiig 

(tom 

LanU-rn. 

•71 

*84 

2G:{7(5 


*m7 

•81 

8 *87(5 


•H7 

•81 

8*781 

44 03G 
X 

1 

•tS7 

" 

5 ‘ 3G8 

230-38 

•71 

•8.5 

2GG9I 


•87 

•85 

lG-70.5 


*G4 

•80 

G* 77G 

:ioi7 

*71 i 

•85 

2G*e9l ! 


•87 i 

*85 

: 80G1 j 


•G4 

•80 

i 8 053 i 




i 

43*49 

*71 

•85 

2»! C9J ; 


•87 ; 

•85 

23-812 j 


•87 1 

•85 

l-aS3 j 


•G4 1 

•80 

6-883 


! 



58-44 
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III. CONDENSINQ POWEB. FoR TUB NbAB SeA. 


South Forolfiiitl, Hi^h Fixed. Elevation, 

375 ft. 


South Foreliiud, Low Idght, Fixed. Elevation, 
•200 ft 


Two l.izard Lif^hts, Fixed. Elevation, 227 ft. 
Souter Point IJ^ht, Revolviu". Eh;vation, 150 ft. 


Condensation. 

Angular 
Distance 
below the 
Horizon 
Direction. 

Linear Distance from 
Tower. 

23-481 

0 

1 

1 

0 

2*7256 naut. miles. 

15-038 

H 

0 

1-9604 

12-421 

2 

0 

1-5319 „ 

4*089 

21 

0 

1-2576 

2 -699 

8 

0 

1-0667 

; 1*242 

5 

241 

1174 yards. 

! lG-714 


0 

1 * 5505 naut. miles. 

15-441 

2 

0 

1-2070 „ 

4-089 

21 

0 

2003 yards. 

2*699 

3 

0 

1696 „ 

1-871 

5 

241 

974 „ 

1*338 

17 

231 

304 „ 

7-936 j 

1 1 

50 

1-0323 naut. miles. 

1-553 


30 

441 yards. 

47-646 

‘ 3 

0 

855 „ 


The South Foreland lights wt'ri* entirely made expressly for the purpotKi,hut those at the Tdzard 
had to he so arran^t*d uh to utilize the chief pi»rli<*n of a thinl ordt r fixed light, which had Ixeu 
previously eonstructed for the Trinity House, and the optical arrangements had to be accommodated 
to this restricti*>n. 

An arc of 2'.l.‘i' in aziumth is illuminatf'd in each of the two lights, so that in each case the 
auxiliary apparatus has to jinnluce a iiiuxinnitn <lertc'ctiou of 120®. 'i'lii.s cousists, as in the South 
Foreland lights, of a holophotal segment of 187J iiini. radius, and a series of vertical prisms on each 
side, comprising on<* refractor, two Fn siiel prisms of the* nsual glass, one Fresnel prism of dense 
Hint, and fmc back prism <»f dt‘Tis«‘ flint. Tin* sinnll holophotal segments are fuovahle round vertic»il 
axt‘s to allow of manipulating the lamp. Tim apparatus at the two Idzard lighU was desigiK-d 
bv Hopkinsoii. 

It will have IsK'n observed that in all the lights which have descril>etl, the chief part of tho 
imiHtitant <luty of pioviding tlie horizon am! distant wa with the most intense illumination, has 
l»een iiia<le to devolve on the catudioptric zoiu'.s and on the refracting ones which are farthest rcmt>YtMl 
from tile lH»ri 7 .ontHl foeal plane. I'he tliret lions in any vortical axial plane of the tdeetrie niys of 
chief intensity wm iu to justify thi.i iirn\ugement. hut it is also worth noticing, that the angular effect 
of any ex-f«KMl dt viiition of "the earlvm j»oints. diiiiintslu^ in projwrtion as the angle increases at 
which the ilirection of the light is incliueil to the honzonUil lino, 

'i he anch of vertinil divergence lielonging to the auxiliary appan^tus of the South Foredand 
and Li/ 4 ird lights, is that only which is causitl by the size of the eleetrie radiant. If its height be 
taken ns 12 mm. this angle’ is 3^ 40', and the illumination obtained from tiie landward arcs is 
valuabh*, not only in strengthening tlie light emitted from tlie front arcs, but also in combining 
this larger divergence of the luminary with the smaller similar divergence from the main 
iusirunient. 

Tables II. and III. of ('ondensing jsiwer are calculatiMl fora diameter of the illuniinantof l^mni. 
The column 1* refers to those iiftriioms of the apparatus which parallelize Uie incident light, and the 
Cvdntuii L) to tliose wh'ch give it liivergence. 

'J'he column P in Table II. is ealctilated on the Bnptx>sition that the diameter of the luminary is. 
12 mm., and that tlie intensity is tlie same iu all directions in the verticil plaue, the mean distance 
for the catudioptric cu|M»hi lH‘ingb87 mm., and that for tho lower catadioptric cu|x>la being 759 mm. 

For any other diumeter of the luminary, or for tlie alterations of tlie luc^u distances of Uie upper 
and lowiT catadioptric gnuijis res|>ectiVLly, con«e<|uent on a variation of intensity of light in tho 
vertical plains the above data w ill render easy the re«|uisite changes iu the figures which denote the 
condensing imwers of tlie para 1 ltd iziiig [lortious of *he apparatus. 

MAtJHlNE TOOLS. 


'ihe progress in constructive engineering is always closely connected with the tueana of effect* 
iug improved work, and of these, rna(diiuo tools form a most imp<»rtani feature. Although few 
rmlical ohaiiges have la en made of late yi ars, yet there have lieeu many improvements in points of 
detail, and many of thesi* will Ik* found illustratiHl iu this artiele. 

— A futhe di signed by W. Silver Hall, of Kuncaton, presents several spAiial points of 
interest. Its general arraiigi^inent. Fig. ifitnl, is that of a scrow-outting lathe with centres 7 in. above 
the UhI, which is 1 1 in. deep and 13 in. wide across (he top. JThe loading t^crevf is placed in front of 
tlie IhhI, is 2 in. in diameter, atui has two tlireads to the inch. The form of tiiread adopted is similar 
in cro^s•scH'tion to the hHitli of a spur wheel, ttius affording ample wearing surface, while it is more 
easily etigiigiHl and dis(*ngiiged than is the cast* writh a threati of mpiare st*etiou. There Is noting 
siieciiil about the driving iieatlstock, except that the faee*plati> A has cast on its back a spur 
whetd B, getiting iu the pwin^rtiou of 3 to I, into the mnion C on tho shaft D, which extends the 
whole length of tlie lathe to the following head^tock. 0 can be slid in or out of gear by the clutch 
fork and lever E. A mark stumiH^i on C\ correspotiding with three marked poaitioxis on the lace- 
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plate. Fig. 1663, ensures that they shall always be placed in gear in a certain definite relation to 
each other, and this is a matter of importanoo. 

The saddle and slide rest are shown in Figs. 1664, and 1665. The cross slide has a very long 
bearing, and the wearing surfaces and screw arc well protected from dirt and shavings, as is also 
the heading screw. The cutting tool for screw cutting is of peculiar form, being part of a steel ring 
carefully turned up to shape, and then cut asunder and nardened. It will be seen that it only 
requires to be gpround straight across its end when requiring to be sharpened, and that the correct 
angle of thread is constantly preserved. Two of these tools, each clamped by a single nut and 


1663. 



1665 * 



crossbar, are fixed in a V*shaped block F, forming tlie tool holder, which is pivoted on the top of 
the rest, and is capable of swivelling through an angle of 274®. the position Figs. 1663 to 1665, 
the right-hand, or screw-cutting tool, is in contact with the work to be chased, while that on Uie 
left hand is just clear. In the other position of the tool-holder, the flat edge of the left-hand tool 
is brought up, as would be required to top oflf the threads of a taper tap. The tools being adjusted 
just level with the top of the rest are always at the right height for their work, and anotiier feature 
in this tool-holder, is that the correct rake of the tool is alwtiys given. Moreover, by arijtisting the 
graduated handwh^l L to any given position, the same distance of the tool point from Uie centre, 
Bn<l oonsequenUy the same diameter of work, is always ensured. For cutting a left-handed thread 
the t^ls must be turned end for end, a second tool-holder prowrly grooved to fit them in this new 
fwsition being substituted, while for ordinary work a block with studs and crossbars, prcjcisely like 
the top of an ordinary slide rest, can bo put on instead of the swiveUing tool-holder, iti a few 
moments. ' 

r 

The _ 

itngia oi me ecrow, ihe handwheel H and worm- 
wh^l K, which has twent>-four t^-eth, are employed, tlie wonnwheel and leading screw acting as 
and pmion, and ae the wormwhpel h. of ,^n-met.l ar.d the M^rew hST. i^^ul^e wiring 
surface, this may be ^no withont any injury to the screw. This wonnwhocl and ham^hccl also 
function. W hen Uie screw is not claiiipe«l, and ttie saddle la stationary 
mA I handwhe.*! which is gruduated witli twenty-fmir divisions, cerrospondlng w^ 

the teeth on the wormwheel, will bo seen slowly to revolve, briUKing each division in mm onnrarfm 
to the index J Figs 1663 and i&X. In the«,V>«ition» oily can iLTadiig ^mw U 
bv watching them the work^n knows at onco when to raik the handle «, with^nt^ndinf tfcS 
clamp nut over the surface of tl.e screw until it will drop into position. Again, it is*I?ell 
that to cut ceftein pitehes. for example, eleven threads to the inch, it is noce^r^ to cl^?tho 2-^ 
as every second revolution, and if it is clamped at an intermediato rovidution m; »i , « " 
split. The usual method of dmng thi^s by watohingUtte^Sen^ l7rch«^^^ on 

fuce-plnto with another on the leading screw, but in the lathe in onMiiAn «i.<. “ f»«rk on tho 

second graduated circle on the handwheel II, having only twelr^divisioni ^^'n. » 

circles divided into eight, six, and four parts, but tKam ve^ ml. Z 1.“"* •“‘T 

screw L of the ch«s slide, hick to its fullcstVxtontTth^UdKt ^u KA >*“• 

the saddle, which is provided with suitable slots and bolt slid off ontimly, leaving 

pedestals, or for other gencr.d or special work 

Many attempts have been made to contrive a mtisfactory method for giving the mlietor 
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backing-off, required in screw taps during the operation of chasing, so that they shall not require 
finishing by hand-filing, which after all can only relieve the tops of the tlireads, leaving the full 
bearing surface at the bottoms and sides. As the required relief is very slight, anil demands to be 
accurately proportioned, these attempts have usually miled, owing to the difficulty of adjustment in 
the first instance, and of maintenance free from looseness and backlash afterwards. This is offc cted 
in Hall’s lathe by the peculiar following or poppet headstock. Fig. 1663, and in detail to a larger 
scale Figs. 1667, 1668. 

The shaft D, which is driven by the pinion C off the face-plate wheel and which makes 
three revolutions for every one of tlie lathe mandrel, imparts a similar triple revolution through 
the pinion M and the idlers N N 
to the pinion O, which is keyed on 
the tubular mandrel P. This 
mandrel revolves in adjustable 
conical l>earirig8 in the following 
headstock, but ran bo clamped 
when not required for use by a 
screw wedge at Q, much us in an 
ordinary headstock, and contains 
the ram B, which is pro{)ellcd and 
withdrawn by the screw 8 and 
handwheel T, and clanipf.>d by the 
wheLd-nut U. The nose of this 
ram is bored ecoi iitricully, \ in. 
out of the centre, to reoidve the 
cone centre V. The mandrel P is 
causecl to revolve, carrying with 
it B, S, T, U, and V, and a turning 
tool being ap]>lied to the latter it 
is turned up, of course truly con- 
centric with P, and its position carefully marked O, Fig. 1670. If now it is turnerl half round in 
its scat the point will bo ^ in. out of centre, and when revolving with the mandrel P will descrilie 
a circle J in. in diameter, and its adjustme^nt for any less eccentricity may be made with very great 
delicacy, bedng measured on a graduated circle 3 in. in circumference. 

A rod or other article turned between centres will, consequently, approach to or i-eoede from the 
cutting tool three times in each revolution, and at the following headstock end will receive the 
form of the upper diagram, Fig. 

1606. This ^entrioity will '*'* 

decrease towards the ilriving 
headstock, as in the centre 
diagram, approaching nearer 
and nearer to the true circle. A 
tap chased on this principle will 
consequently have pUnty of 
clearance, or relief, at the com- 
mencement, while the final cut 
is made by that portion of the 
tap which is nearly circular, and 
a very truly tapped nut is the 
result. 

By a curious but not difficult 
calculation, the mark on the 
face-plate corresponding with 
the fullest side of the which 
varies with the degree of eccen- 
tricity adopted, which wo will 
suppose to be seven, ns shown in Fig. 1669, is found, and by bringing this number, which is repeated 
three times on the face-plate, opposite the point of the scriber W, which is set to the height of the 
lathe centre, throe lines may be scribed on the shank of the tap before removing it from the lathe, 
giving the exact {^silion of the cutting edges. 

As the variation of radius from the true axis is alternately in excess of, and less than, the 
normal radius, and as it is necessary that tho point of the tap should enter the same sized hole as 
if it were truly circular, it is necessary to set the following headstock as if for taper turning, for 
which purpose it is fitted with a cross slide and screw with graduated handwheel. This ocyust- 
ment being very slight, does not interfere with the gearing of the pinion M and first idler N, Figs. 
1667, 1668, which at the commencement are sot rather deep in gear. 

By adopting a double instead of a treble ratio in tne eccentrio gear, an elliptic figure is 
obtained, and in this manner, and by varying tho dUtanoe between the front and bock centres, the 
blocks or moulds can be obtained in endless variety, and of any shape. 

Figs. 1671 to 1673 nro of a screw-cutting and turning-lathe, constructed bv Ferris and Miles, of 
Philadelphia. It has been designed to afford a quick and oonveuient method of cutting screws of 
different pitcliei^ and of changing from turning to screw-cutting, or tho reverse. 

The cone spindle a extends beyond the end of tho lathe, and carries upon it two sliding pinions 
bhof different diameters, upon whose boss plays a doubie-slutied swing-arm c. This arm may carry 
by means of the straight slot d one or more intermediate wheels, which gear with either of the 
sliding pinions b ft, and can be swung into gear with any wheel of the cone of gears / on the lead 

3 1 





860 


MACHINE TOOL5^. 


screw of the lothe. Also by moans of the ciirvetl part with its slot the swing-arm may bo fasteneil 
by its split-olamp // uml pinch-bolt at any point of tlie index stud #. 

The wheels of tin* cone /, are so calculated with reference to the sliding niniona upon the spindle, 
that sixteen or more <litfereht screw thi-eads of the American standar«l may no cut by them, say from 
1 or 2 an inch pitch np to 14 an inch. These figures are laid off and stamped as an index U|k>ii tho 
indox stud /. 

Practically, therefore, the operator has only to set tho split-clamp < 7 , hy its pinch-bolt at any 
desimi figure of tho iiidt x. The intermediate wheel will then gear with tho pn»por wheel upon tho 
load screw to cut the pitch indicated by the index figure. The upper lino p of figures in Fig. 167J1 
shows the muid)er in pinion, and tho lower line s the nuinl*er in spur. 



Of the two lines of figures of tho index, tl»e one njarked in spur is deiivod from tho largo 
sliding pinion the other line marked in pinion from the snjalh r. Tin* change fri*m one to the 
other is made instantly, hy sliglitly slacking tho .♦-crew stud, which clamps the iiiterniodiato whoi l in 
the straight slot d of the swing-arm c, and eliaiiging the split-wosljtT /» from the iiisiih* of the arm 
to tlie outside, or the reverse, the intermediate wlicel l>eing luovt'd just one gear f<u*e, as the split- 
w’asher// is of just that thickness. 

The thread upon tlie Iwnl screw is reserved for ^cre w’ -cutting only, hut hy rneaiis of a keyway 
traversing its whole length, the* s^rew is also made to wrve as a dtiving shaft for a train of gears in 
the carriage, from which is d<‘rived the cross fet'il 
motion, and also, tiy m* aus of the rack n{K>n the KnI, 
thf longitudinal travers<*s for turning and siiriaeing. 

The.<* are applit^l and released hy siugh* mtdions of 
convenient handles. It is to be oh.served that the 
index gives sixU-eii or more changes of traverse hy the 
rai-k gearing for turning, and surfacing, and cross 
revvrsing, in addition to the sixteen or more changes 
by tl»e lead 8 er(*w for screw -cutting. Therefore the 
opersitor has at his in.stiuit cyniimand a variation of 
tliirty-two or more travorstjs, comprising all the screw 
llireads in general use. 

The sliding head spindle is fittf<l with a sjdit 
conical hiisliing. This can be drawn into a conieal seat hy a nnt and hnndh when it is wUheil to 
clamp the spindle which, hy this means, is centred and held truly in line. 

Tlie lathe by KichartJs and Atkin.son, of Manchester, Figs. I<;74 to If 70, has some features 
differing from ordinarj' practice. It is intendt^l e-^pecinlly for iKTformiiig rejiair work in wcxhI- 
working and other factories, and is reduced to the most sinlple form, sf» ns to eheiiiH‘n its fir»*t e 
fiml present no complication which might hinder successful use in the hands <»f thost* not well 
skilled. The feciling and chasing sc-rew are nlared c<'ntrallv under the frame, out of the wav, 
and well protected fr<»m ehijis and dirt. Tlie dislancc of the'fi ed screw from the spindles is Uie 

centre of the 
ngjigetl by a 
nd fi in. 

mdcrably etrengthpiM-d by a atroriK frame aiirrouiHlinx the main imme. fTr. 7fi74 ;"tbe laul r fromo 
w mouMledon a htreng box leg, 12 ijmhea wjuare, plac il nearly ui.<ler the jtap, ii.atead of at the ei..l 
of the frame in tho uenal manner. The tool block U mounted on a awinff plate, and can bo move.1 to 




. , . - - ..... * •» Jitwii nv out' eilO OTIJI 

againet «.e frame, and kef.t in place with acenreU ly fitu-d dowel pin*. The chance wheel* We m , 
,« ^ ^nglc One u changed in (mtting screw* from lour to twciity thread* to an inch 

1678 1 * an end view of the gap piece, and Fig. 1677 is a chuck to hold drilling tooli. 
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Fig. 1680 is a double lathe for taming the tires of railway wheels, or executing any similar 
work. Two separate lathes are carried on .one base-plate, thus effecting a saving of space, and 
rendering the machine compact and self-contained ; one man can attend to both lathes, as while 
one side of the lathe is working he can be engaged in fixing the work on the other side, or both 
sides can be working together. Both the rests are fitted with two compound tool-holders, each 
worked by separate screws, so that they can be adjusted quite independently of each other, thus 
allowing two outs to be taken on the work at the same lime. The lathes are made self-acting by 
the ordinary overhead gear. The total weight is about 20 tons, and it is arranged to turn up to 



Tlio facing-lathe, Figs. 1681 to 1683, by H. Hind and Son, of Nottingham, is a special tool 
designed to facilitate the turning, boring, and facing of fly-wheels, strap pulleys, and the like, 
whicii may run up to 12 ft in diameter, and 18 in. in breadth. It consists of a massive headstook 
carrying a strong face-plate 8 ft. in diameter, bolted on a wrought-iron spindle 10 in. in diameter at 
the largo bearing. The lathe is single, double, and treble-geared ; the ordinary cone speeds are 
5 in. bi^, the large speed 2 ft. 8 in. in diameter on the spindle, and back gearing on an eccentric 
shaft ; and has a third shaft and wheels running in an eccentric socket at the back of the head- 

8 I 2 




852 


MACHINE TOOLS. 


stock, on the end of which the pinion is keyed for gearing into tho internal wheel bolted upon the 
hadE of the ftoe-plate, this socket being thrown into gear with the book socket and face-plate wheel, 





by the worm and wormwheol moTed by the handwheel in front of the hcadaifick. Tlien* are thro© 
tool rests, each fittt‘d with compound slideH and swivel motion. The front r^ni is arrangecl wtih a 
broad holder for two tools, which will turn down the aides of a wheel rim, or tho o«lgeH of dniitm. 
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at the one operation, whilst at the back, or opposite sirle of the wheel more properly, the inverted 
tool and rest are placed for turning the faces of the fly-wheels or drums. This last rest is fitted 
with an additional slide moved by a steel runner working in a bracket, so that when the feed 
screw is traversing the tool across the face of tiie wheel the template moves the slides and the tool to 
its own curve, thereby turning the curve or rounding of wheel at one cut. 

The centre rest is for boring and facing the bosses of wheels, and is fitted as the other, with 
compound slides and swivel motion for facing and turning the boss, and for boring ; one end of the 
cutter bar is held in the tool-holder, and the oilier end of the slide is stejidied in a hole 3 in. in 
diameter and 18 in. in depth, bored in the spindle, by which means a boss 18 in. deep can bo bored 
if requin^d. The whole of the rests can bo w'ork<‘d together or separately ; they are mounted on a 
strong foundation 17 ft. G in. in length, and are readily adjustable in any direction. Tliey are 
worked by a chain moving a wt*ighted lever and catch, acting on tlie feed wheels in any position, 
the chain being worked from a disc wheel on the back shaft, and driven from the main spindle end. 
The weight of this lathe cxirnplete is 18 tons 15 cwt. 

To avoid imperfection in tlie running spindles of lathes, or any lateral movement which might 
exist in the running bearings, tlioro have lieen many attempts to construct lathes with still centres 
at both ends for the more accurate kinds of work. Such an arrangement would produce a true 
cyliiKlrical rotation, but must at the same time involve mechanical complication to outweigh the 
object gained. It lias liesidos Ikm^ii proved by practice that good fitting and good material for the 
bearings and spindles of latlies will ensure all the accuracy which ordinary work demands. 



The cutting jK>int in both turning and boring on a slide lathe is at the side of a piece, or nearly 
level with the lathe centres, and any movement of a carriage horizontally across the lathe nfiects 
the motion of the tool and the 8ha{)e of the piece act'll uix>n, directly to the extent of such deviation, 
BO that parallel turning and boring dej>end mainly upon avoiding any cross movement or side play of 
a carriage. This, in l>oth theory and practice, constitutes the greatest dilierence lx>tween flat top 
and trat‘k sliears ; tho first is arranged especially to resist deviation in a vertical plane, which is 
of s^ondary im^rianoe, exet*pt in boring with a bar ; the second is arranged to resist horizontal 
d(^viatiou, which in luno-tcuths of tho work douo on lathes becomes an exact measure of tho 
inaccuracy of the work performed. 

A true movement of carriages is dependent mwn the amount or wearing j>ower of their bearing 
surface, how this siirfaoo is dispost'd in reference to the straiTi to be resist^, and the conditions 
under which the sliding surfaces move ; that is, how kept in contact. The cutting strain which is 
to be mainly considered, ftdls usually at an angle of 30*^ to 40® downward toward tho front from the 
oentre of the lathe. To resist such strain a fiat top shear presents no surface at right angles to the 
strain ; tlio Ix^arings are all oblique, and not only this, but all horizontal strain falls on one side of 
the shear only ; for this reason fiat top shears have to bo mado much heavier than would be 
remiired if tho sum of their cross-section could be employed to resist transverse strain. This 
ditnculty oan, however, be mainly obviateil by numerous cross-girts, which will be found in most 
lathe frames having fiat tops. 
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A carriage moving on angular ways always moves steadily and easily, without play in any 
direction until lifted from its bearing, which rarely happens, and its lifting is easily opposed by 
iKljustable gibs. A carriage on a flat shear is apt to have play in a horizontal direction because of 
the fi*cedom which must exist to secure easy movement. In the case of tracks, it may also be 
mentioned that the weight of a carriage acts as a constant force to hold it steady, while with a flat 
shear the weight of a carriage is. in a sense opposed to the ways, and has no useful effect in steadying 
or guiding. The rigidity and steadiness of tool movement is notoriously in favour of triangular 
tracks, so much so that nearly all American maohine tool-makers construct lathes in this manner, 
although it adds no inconsiderable cost in fitting. 

Tapping, which is the converse of screwing, is usually done by substituting a tap for tho dies 
in u screwing machine ; but where the hole is small, or does not pass through tho work, there are 
objections to this plan. There is an ingenious form of tapping machine used by gunmakers and 
sowing-machine manufacturers for that kind of work. One of these machines is shown in Fig, 16 B 4 . 
The tap is clamped in a chuck on tho end of a spindle, 
which runs in bearings in a small headstock, and has 
a certain amount of end movement allowed it; two 
pulleys run loose, in opposite directions, on the spindle, 
and the one at tho front of tho headstock revolves 
faster than the other. Tlie work to bo tapped is placed 
in a small rest, or holder, at the end of a bar that 
slides through a loose headstock. When the hole is to 
be bored, the work is pressed slightly against the end 
of the tap ; this moves the spindle endways, and causes 
a lug to come in contact with the back pulley, which 
makes the tap revolve in the pro|xjr direction for cut- 
ting. The action of the tap draws the work fonvard 
until an adjustable collar on the bar prevents the 
holder moving any further; the continued action of 
the tap then draws itself forward in tho work, and 
moves the lug out of gear with the back pulley, and 
the tap ceases to revolve. To withdraw the tap, tho 
work is pressed gently in the oppemite direction, when 
the lug oil the spindle comes in contact with the front 
pulley and the tap is run quickly out 

Prillintj and Borityj Machines. — Fig. 1 C 85 is a radial 
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dnl mg tnachioe bv Gregson, Brown, and Son, Tho arm i« capable of being worked round at any 
angle, the elide holding the epindle can alao lie worked at an angle by worm and wheel The whole 

tool IB very ^iwire and etron^ for the work it has to perform. Tho epindle is 8 in. diameU-r and 
loner enoiiirh to drill n. 90 Tn rlA^.re arsA ....At..; * a. ' , . .. r,_anu 


I •{ V , .1* \ \ ' 9 : "'-rasa aw «««»« nvFHirui. 1, iio 801111116 18 o 111. fiiamcier ami 

long enough to drill a hole 20 in. deem, and there is sufllcient range of velocity in tho 8 pe#fJ pullova 
am the right speed to drill from tho smallest size up to a 1 . 5 -in. cylinder. The 


and gearing to obtain 
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Portable drills are especially desij^iied for use upon pieces of work of irregular form, or which 
from their size cannot be rondily adjusted under a stationary drilling machine. Pigs. 1688, 1G89 
sliow a side view and plan of the largest size machine by Thome, De Haven, and Co., Philadelphia. 
It is mountetl on a short cast-iron standard with a cruciform base, the latter being provided with 
slots through which bolts niss for securing the drill to the work. The post «, carrying the drill, 
is bold either in the vortical bearing in the base, or for horizontal work it is placed in the horizontal 
bearing 6. The radial arm c is held in position in the )K)8t by the holt and plato d, the drill being 
traversed to and fro by means of the screw and rotat^ by a worm and tangent wheel. The end 
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of the arm is furnished with a socket whioii oarrios the drill Ihime, and it can be tamed round so 
as to bring always the cone pulley in a line with the driving belt. 

The drill is driven by gearing, either direct from the cone, or through a mtem of back gearing 
shown in section, Fig. 1688. The automatic feed is obtained from a small pulley on the main 
cone pulley-shaft, a strap passing from the former to a small pulley above, which drives a worm and 
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rotates a nut, through which the screw spindle / passes. The wonu is hinged at < 7 , an<l can Ih) 
tlirown out of gear by turning a small eccentric at A, and tho fee<l can then Ik- w(*rked hy the han(l» 
wheel I. In tlie smaller machines, as in Fig, 161^3, tho kick gear is omitted, and the drill is driven 
direct through the bevel pinion on the cone pulley-shaft. In one form 

«lso. tho bearing in the end of the arm, instead of king cylimlrical [j 

.j inatle spherical, and the drill is monntiid on a spherical k>.ss, held in ^ 

the l>earing by a collar ; when this latter is in position, tlie frame can -w 

only lx? rotated in a horizontal plane, and the spindle is kent fKpiare ffl 

with the liases but if the collar is removed the frame can rx) set at J| 

any angle desired. This modification has many useful applications in 
drilling irregular forms. 

The mode of driving this drill is very ingenious, and is shown in /y « M 

the illustration, Figs. 1690 to 1692. The countershaft is driven by ^ jj A 
a strap pas-sing through an eye, and which is shifted to tho hu»t 

pulh.y when tl»o cord k is pulled and held in position, the weight / J L | W 

always tending to throw the strap to the loose pulley. On the other I M 

cud of the countershaft is a grooved pulley m, over which the cord 
passes which actuates the drill. Below this grooveil pulley is a frame " 

«, supporting a swing hanger 0 , the centre of which is hollow, as in 

Fig. 1690. In this swing hanger are two idle pulleys p, so placed that Pl^ 

the delivering edge of one of thorn is always in linc viith the receiving V '. 

edge of the grooved pulley. Tlie <x>rd passes un<ler the pulley p, over \rf^ 

the grooved pulley, through the hole iu the hanger «, and then hangs 
down, being kept tight by a weighUxl pulley 7 ; it then pasw^'S around 
pulky p', and over the cone on the drill. The weighted pulley is used 
so that as the drill is moved to varying distances from the couuter- 
shaft, there may bo an extra length of driving cord available. If more is 
required a<lditional lengths can be added by ho<»k-and-eyo connections. 

Fig. 1604 is a special tool, designed by Hind and Bon, Nottingham, to facilitate the boring and 
facing of on^ne cylinders and tlie like. The machine consists of a strong bed, ufKin which is fixcnl 
a vertical slide adjusted by screw and nut, and fastened by bolts and nuts in the toe-grooves. Upon 


MAOHINB TOOLS. 


867 


this vertical slide is mounted a strong headstock carrying the boring sockets. Tiiis headstock is 
also adjusted by a screw vertically ; the socket runs in parallel bearings, and is driven by a spur 
wheel *1} in. pitch, 4 in. broad on face, keyed on to the socket ; the wheel is driven by a pinion, 
receiving its motion by mitre-wheels connecting the horizontal shaft with the vertical shaft, and 
the vertical shaft is driven by mitre-wheels on the lower horizontal sliaft having bearings in the 
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lM‘d of the niaohino. Tlie shaft has double jK>wer gear, and a d-speed cone, thus allowing the 
headshtek to be adjusted in the vertical and transverse movements. The lK>ring bar is fed self- 
acting, by a screw deriving its motion from a scries of wheels driven from the end of the boring 
boektd, aiui is furnished with a wheel for adjustment by hand. 

'riio bed to receive the work is fixed at right angles to the transverse movement of the headstock, 
it has a planed surface and shit holes to bolt work down. There is a boring bar-stay and apparatus 
for fjicing tlic cuds of the cylinders, at the same time the boring operation is proc(‘eding. This 
consists of a base-plah^ adjustable and fastened to the betl, upon which is a vertical slide or bracket, 
adjusted in the l>ottom jdate by a screw’ and bolted to tet*-grooves ; u|X)n this bracket is a crosshead 
and bearing to stay the boring bar. The crosshead is furnished with two tool-holders, capable of 
iHiing worked to or from the centre of bar or crossheads by a 8<df-iicting tappet motion acting on a 
star-wheel working the sc'rew in the crosshead. The facing apparatus can be disconnected from the 
boring bar when not wanted, and can bo adjusted vertically to suit height of boring bar. This 
iiuudiine will bore holes up to 1(» in. diauieb r, traverse the boring bar a distance of 2 ft. 6 in., and 
admit articles on the table up to 28 in. centres. The machine can be made to admit greater lengths 
and heights, and can bo furnished with one or more boring head.s, either on one side of the work 
table or at right angles for boring holes at right angles to each other, over any specified area. The 
inatdiino can also bo used as a turning and facing lathe fi>r various articles, by fitting a suitable 
chuck on the lioring socket, and fixing a compound slide rest on the bed of the machine. 

The operation of drilling or boring lube holes through boiler plates and other similar work is a 
somewhat e^>m|)lcx and costly pn»cess by tlie ordinary methoiis in use. Wo will assume, as an 
example, that a S-in. hole is to be driilcii accurately to a circle marked out on a tube idate 
f-in. thick. It is usual to drill, say a }-in. or J-in. hole in the centre with an ordinary drill. 
This hole, which is to act as the guide for the accuracy of the subsctiuent work, must of necessity 
Im) carefully drilled in the exact centre, to a circle first set out on the plate, an<i it is well known 
that tlrills are very apt to run this way or that way, according either to the form in which they 
are grouinl, or occonling to the perfection or imperfection of the centre punch mark from which 
they start, or from the defective condition of the drilling machine itself, any of which catises, or all 
C 4 >mbiued, will produc-e irregular work. This central-hole drill laliours under the disadvantage of 
uU ordinary drills as coinv>are.d with cutters, inasmuch as coiisidemble pressure is required to 
force the centre orV drill into the iro!», to the extent of the thickness of the shaving 

or drilling taken off by the cutting etlge at each revolution of the drill ; and the blunter the drill 
the greater is the pressure requinni to enable the drill U> cut at all. 

Addcil to this, the hole through a J-iiu plate is not complete till the 
drill has boon fed down through a depth of 1 in. or in. or more, 
according to the length of the V ot the drill. After this hole has 
been made a soooud work bos be done, and genemlly this is per- 
formed by a cutter specially made for the purpose, either of one of tho 
8ha|>es, Figs. 1605 to 1607, or of some such form. In these cutters the 

centre portion is supposed to fit the hole first drilled, and be the guide * i • j 

to ensure a true hole of tho larger diameter. As often as not, however, the central pin does not 
fit the hole well, a defect which, whatever may bo its origin, ends in the result being either a bad 
hole, or one out of its proper p<isition, or even a oombimition of the two. ^ . 

MoKay's drill is designed to ovorooiiio these defects, and this with a mmimum of setting out, a 
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lesa amount of macbino power, and in the shortest time possible with a given thickness of plate and 
diameter of hole. 

Referring to Figs. 1698 to 1701 it will be seen that it consists of a main body, of which the upper 
end is turned to fit the socket of a drilling niachiue, while the lower |>art forms a cylinder or C4i8e 
containing a small ram. Into the ram L. there are two short studs screwed through two slots 
formed in the outer ease, by means of which a pair of spiral springs keep the ram fully home till 
caused to move, and draw it home again when the movement is 
over. This ram is also bored out from its upper end and con- 
tains an inner plunger of steel, having a shoulder J at its upjwr, 
and a pointed centre at the lower, end. Li and J are each 
fitted with an hydraulic leather within the case. A small hole 
at the top of the chamber S, permits the tool to be charged with 
water or oil, and when tlie hole is closed by a screw-plug, the 
apparatus will bo ready for work, with the exception of putting 
in the rtn^iiired cutters M according to the size hole to be out. 

The centre point being placed npon a centre-punch mark made 
on a plati* to l>e drillca, and the pressure of the feed of the 
machine brought down u}x>d the case, J will move uj>ward3 
within the cylinder S, and the oil having no way of e6c^i|)e 
presses hjdiastatically within the chamlier and forces the larger 
plunger downwards. The cutters M are thus bronglit down to 
the surface of the plate, while the centre remains also in the 
centre murk. If the machine is now stiirted, the fee*! pressure 
Will c;iuse the ciith rs to jxjrform their cutting work, while the 
centre pin siill remains upon the first centre. 8o soon us the 
cutters have piissed through the plate, and if there is no resist- 
ance underneath, the central pin W’ill at once push the core 
down by the hydrostatic pressure due to the rcsisttince idfonleil 
by the two external sjuiugs, which will draw the larger ram 
homo directly the hole is made. 

In this tool the cutters are differently formed and ore also 
more easily construeteil, and the e<]iial pressure exerted by the 
tluid on ea<*h ram ensures a fair division of labour, stddom rightly 
obtained by such forms of cutters as at first described. The 
results of the use of this boring tool are, first, perfwt ucenmey of 
position when once a cb an and deep centre-punch mark has been 
made ; secondly, a true hole with a minimum quantity <»f metal cut away by cutters ; thirdly, the 
w’ork performed is done in the least time compatible with the circura.‘stance.*« of the cn>o. 

The tools for tube-hole boring, supplied with each holder, are made so as U» cut holes varying 
J- in. in diameter to suit the two ends of boiler tubes. Thus a 3-ii). size is arranged to cut both 
3-in. and 3J-iuch holes, and so on. 

Slottiruf Mtuhine . — The slutting machine of W. Sellers and Co., Philadelphia, Figs. 1701* to 1704, 
has sufficient over-reach to enable it to slot the eye of a wheel 48 in. in diameter. The slotting 
tool is o|»erated by means of a crank diiven by what is known us the Whitworth motion, giving a 
slow movt nient under cut and a quick return. The crank is u^Ijustable in length of stroke, the 
maximum being 12 in. This adjustment is effected by a wrew^ p in Uie crank plate, the adjust- 
ment of the connection of the coun€-cting rod with the slotting bar is also by mtans f>f a screw p\»o 
as to regulate the ix)siti<in of the slotting bar in height from the table upi>n which the work rests. 

The attachment of the connecting rod c to the slotting Uir is by means of a w rcnight iron block 
6, always in connection with a counterbalance lever /. The eounterUdaiice A is in ezcc*ss of the 



weight of the slotting bar and any ordinary cutting tool, so as to take up all lost motion, and st* H<ly 
the operation of the nniehine under cut. The beiring or slide carrying the sUdting bur is adjustiiblo 
to suit the different heights of w^>rk, an<l enables tire bar tf> be guided as near tins work as possible. 
When the nature of the work will permit, the supporting Ik'H ring cun l>c carried quite cIom* to tho 
table, thus giving a firm backing to the tool during its w hole stroke, and ensuring steadim ss of 
motion. It is noticeable that the connection of tlie connecting rod to the slotting bar is off t<i one 
bide of the centre of the crank, on the ]mlting d^iwn or working side of the crank. This place's tho 
crank and connecting rod in the Ixfst relation for work, with the least side strain on the vertical 
slide under cut, while on the upstroke its consenuent increasctl otiliquity to the line of riioit(»n does 
no harm. The conq)Ound table (j upon which the work is bolted consists of the usual coinitotiml 
slide rests of broad surface, with a rotating table on top of the upfH^r cross slide, all providiMj with 
automatic feeds. These feeds are obtained from one primary motion o, a rat(*het fcoii whe«d 
operated by a cam at the back of the large driving wheel. This cam is m constnich^d as to ensure 
the occurrence of the feed at the top of the stroke, while the crunk is jiassing its dead o<;ntre. 

The conveyance of this feed to any required part of the machine is eflVcted by means of one 
gearwheel Figs. 1702, 1704, with a square hole in the eve, to fit on the Mjuare inids of the various 
feed screws and shafts. Thus for the longitudinal feed this wheel, placed on the end of the 
screw s at tho back of the bed. Fig. 1704, gears into a wheel between the nicbol wlieel and this screw 
while the cross feed atnl circular feed are driven from a wheel travelling with the coui|)Ound table* 
and driven from the racbet wbe<d by bevels, and having its piuh lino the wirrie distmice from U)th 
of the two shafts, so as to be within reach of either with the same wheel. I’he longitudinal 
by hand is obtained by bevel wheels writhin the bwl, and a S(jiiare«l end for a crank witijtri rca 4 ’h 
of the workman when he is handling the other feeds. There is scarct ly any timchine tiKil 
miumng more cIoho watching on the part of the workmnii on the claa. of work it in rmnired to do • 
It aeldom takea long outs, it generally being but a little while under power feed ut a time, and 
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i\u‘ nniount of pro<1uctioQ, all other thiugu i*03. 

lH*ing ec|iial, tU*iienclH i 4 »on tho readiuons - 

with which tlio ottendant workman can do 
liifl part of tho iiKivcmeut, in ndjunting and i ) 

road.jiiating tho work in various positionn, 
and keeping tho tool under cut as much ra g 

tlie tiino as possible. This can bo illus- L j 

trate<i in one class of work in common ® 

pnictice, namely, the key scats of wheels. 

Cart\ is roi|iiiroil to adjust the wheel in « 0 

place, 80 us to have the 8ide.s of the key I 

senit juiiallel with a diameter lino. This ft 0 I 

roquin^s some little time, while but few ^ A bv 

strokes of tho slotting tool lU'e required to W q 

cut the key seat after it is made ready ; ff / , m u 

it is cviilont that convenionoo of adjust- Ij \ |\ 

niont in such w'ork will materially influouGO \\ \L t ^ J U 

tho nniount done. \ p i A y Ji 

Milling Afnchinc, — Figs, 1705, 170G 
show a milling machine made by tho fff ^ i F B 

Brown and Slmrpo Manufacturing Com- || I || 

IMiny, Lowell, Muss.; tho feed motion is W {jeT I )i 

Ci»mmunicate<l to the carriage through a ^ J i J y 

small telescopic shaft s, fitted with Hook’s 

Joints, so that the slide in which tho cur- fefesai 

riage moves may be sot at an angle with * ^fl> g a a a W** 

tho centre lino of tho spindle. ^ The small ^ j r^v d j Mh 

headstock A, carrying tho centre at the lA 

end of tho carriage has also an angular I 

motion in the vertical piano, so arranged / ■ 

that whatever the angle may l>e tho centre I 

remains in gear with tlio feed motion. 1 

Those additional movements render the 

machine capable of a wide ran;^ of appli- I 

cation, for besides ordinary milling a great ! I 

variety of other work, such as reamers, ^ 

twist drills, milling onttors, and rosebits, 

may be produced, and the teeth of spur and bevel wheels may be also cut. The cutters used 
In these machines are of jicouliar shape, and are of tho same cross section throughout, so that by 
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T^xtl’IIol levs. — Machine tool-cutters formed of comparatively small pieces of steel held in special 
tool-holders in place of the ordinary tools, forged from steel bars of various dimensions, are largely 
emploved. 

Figs. 1707 to 1716 are of Birville’s system of tool-holders, as made by Greenwootl and Bat ley of 
Leeds; Figs. 1707, 170^ arc adapted for lathe tools. The tool is shown in longitudinal section, 
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nil. nia. 

Fi(?. 1707, liorizoiital goction, Fig. 1708 : it coinii»tfi of two main jmrtH A and B flttal to(]:i!tlior and 
fiwten«l by aprewg «, so tvs to present a cylimlrical head, in tlio interior of wliicli is placed live 
^rable nut-ghnjicd picee C, which holds the cutter D ; this nut fitted exactly to the reeeptaelo 
formed to hold it, in the interior of the ivnrts A and B, is of a sphorioal shape in the middle, with 
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a oonioal part above and below, terminating in a cylindrical tenon forming two pivots, on which 
it can make a rotary movement of half a circle. The circumference of this sphere is cut with a 
thread gearing into a worm &, the journals of which are made square at the ends to receive a 
liaudle rf, by tlie aid of which it can be turned. In order to hold the tool firmly, O is pierced by 
an angular ojieniiig. Fig. 1707, corrcspfmding to the section D of the cutter, which fits in very 
accurately, leaving room, however, for the insertion of a wedge-shaped piece, which is screwed down 
tightly by the screw E. 

A tool like tliis can act at will perpendicularly or parallcd to the axis of the lathe, or in any of 
the interme<lia 1 e oblique positions ; further by means of its simple form and mobility, it can he 
emjdoyed in working on certain interiors, ordinarily requiring a tool forged to a special shape. 


ma. 17U. 
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A brake is tberoforo applied to the axis of the worm b, in such a manner ns to ensure the rigidity 
of the nut C in any desired fiosition ; this brake consists of u wetlge /, acted u|X)n by meaus of the 
screw G, so n.s to prt*sH it by tlu* interiK>sition of the plate f/. Fig. 1708, on the two half journals A, 
cmhnicing the axis of the screw half its circumference. The two jaws A and B arc joiiied very 
accurately one ui»on the other, by nieiins of tw'o tenons which go into the grooves Fig. 1707, and 
in addition to the screw a, the twro parts of the head of the tool-holders are fixed together above and 
below the nut, by means of two rings 7 , tithnl in lik«‘ grooves. 

In the t(s>l-h<ilclcr for planing machines. Figs. 1700 to 1712, the same general features in priucqde 
arc ohsorvalile as in the jireetxling one, but it has iu addition a MuaU si>eeial mechanism, so arranged 
as to ]H*rmii of the tool b<dng slightly inclined on the return stroke, iu order to prevent it from 
l*e<Mmiing blunt, by rubbing on the work iu going backwards previous to commencing a new cut. 
The majority of )»laniDg mncliines are so coustructetl as to do this, but the whole tool-box has to Ik; 
inclimai, whereas in this case it is only the cutter which needs moving, and being very light the 
cutting eilge d»H '8 not get blunted by the friction so soon os iu the machines now in use, there being 
less weight of tool-hox on the Oilge of the tool. 

Tills planing tool-holder is shown in vertical section. Fig. 1710. Fig. 1712 is a sectional 
plan, ami Fig. 1700 a liack view of the box to receive the t<x>l. It is composed of a verticiU piece A, 
teriuinating in a cylindrical part in which the head O is adjustable ; this as in the preceding case 
C4in rotat 4 > by the action of the worm fr, and is widened out to receive the tool-box B, in which the 
tool I) is belli by tli© screw E. The tool-box B does not fit close into the space left to hold it in the 
head C ; this {icnnits a slight oecillaiiug movement on tlie steel pin fitted half into each of the 
two pieces. Fig. 1710. 

When cutting, the tool-box B occiipic‘S the {xwltion. Fig. 1710, and takes its bearings on the 
head at the angular parts, b\ Fig. 1710, so as to maiutain the rigidity of the cutter by its adjust- 
ment In the iiioveinent in the contrary diri'ction, the simple contaet of the cutter on the piece 
tinder operation is sufficient to make the tooI-lK>x B, rotating on the nin a, reverse itself and ^ve 
tho necessary inclination, and further to provide against the tool-box 6 being shaken in its various 
motions, Uie two spriiim» bring it back constantly to the pn>per working position. ^ The upjjer part 
of the head C is toothed to gear into the worm 6 , by means of which it con rotate in its own bearings 
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and ^ive the desired position to the cutter ; it terminates with a screwed end on which the 
tightening nut F is fitted so as to hold it firmly in tlie tool-holder. The worm is also provided 
with a brake composed of the screw G and wedge/, which act on the journals A, clasping the screw 
spindle. The different parts are covered by a plate H, Fig. 1710, screwed on the tool-holder. 

Figs. 1713 to 1716 are of a double tool-holder with horizontal cutters for a slotting machine. 
This latter tool-holder, by its conical piece B may be fitt<>d on the bead of any kind of slotting 
machine, but is si>ecially arrangecl for slotting axle boxes. For this purpose it is made double, that 
is to say, provided with two cutters D and D', placed horizontally, and in such a manner as to 
work simultaneously ; each one is fixed in an oscillating box, one of the boxes being fixed in the 
slide rest C', moved by the screw H, by means of 'whioh the extreme distance between the two 
cutters can be adjusted at will ; Fig. 17 i 6 shows a sectional plan through the pins n, and shows the 
centre bolt 6, wdiich is used to assure the firmm ss of the blocK with the conical head B. These 
two pieces carrying the movable parts, constitute the whole of the tool-lioblcr. 

Machine for Fixauj Boiler Stays, — In the maimfaetnre of steam boilers when the shell has been 
drilled it is tixkeii aj)art, and all the drill-burrs removo«l from the plates. The outside and inside 
edges of the holes arc countersunk by machine. The plates are put together again and riveted up. 
The next step is to lower the furnaces and combustion chamlwrs into the shells, to which the front 
plates are riveted. The screw stay holes are then drillcnl and tappcnl, and the stays are serewcil. 
Fig. 1718 is an elevation; Fig. 1717, a plan; Fig. 1710, an end view; and Fig. 1720, details of a 
machine invented by Allan, of Sunderland, for tins purpose. It consists of a hollow pillar li, insitle 
of which is placed a small steam engine, with a fiy-wheel I ; uj> and down the pillar slides a saildle K. 
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This is reversed and lowered by a rack and beam. The pillar is moveil on the bed A of the machine 
on the invurted V Steam is introduced through flexible pipe s and stuffing Ijoxch J, and 

the various moveiiKuits of the machine are controlled by one man working tlie hand-whe#ilH. The 
Imr F, Fig. 1719, carries the holder, shown to a largo scale in Fig. 1720, which is arranged to 
rotate, and can at the same time l>o drawn backwards anil forwards at will by the rack. 

Tlio boiler is laid down and levelled, with the back end close to tlie be^l-plate. The pillar can 
then traverse buck and forward acn>ss the end of the lx)iler. A drill is then put into the end F, and 
the machine being started, the lioles are drillccl one after another in the two plates true and at right 
angles to the boiler plates. The drill is moved over the IsjiJt^r end by the gearing F, whicli is made 
eitlier to raise or lower tlie siiddle E, or to move the whohi pillar Iwck or forward. When the hoh»s 
have been drilled, a tap is substituted for the drill, and th«-y are ecrewcsl. Next the stays are sub- 
stituted for the tap, and put in place, and finally a cuttcr-boad is pluceci on, and the stay ends all 
cut off accurately to length and shape. 

Emery Grinders . — The cleanliness of emery wheels, and their quick cutting c*banictcr, comjmretl 
with natural grindstones, render them convenient for sliarp<3ning tools. They are used to a con- 
siderable extent for sharpening saws, mill picks, paper-cutting knives, lathe tools, drills, and 
shear blades, and are found to impart a better edge to the hs)! than a grindstone. In Van Iluagen's 
twist drill grinders, the drill is placed in a chock that presents it at the proper angle to the eiige 
of the wheel, and by an ingenious link connection, the same movement of the handle for turning 
the drill round, also gives the proper motion for backing it off behind the cuiiing lip. A snjuU 
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centrifugal pump keeps the wheel supplied with water, which is prevented from flying off by a hood 
that covers the wheel, except at the cutting point. 

Figs. 1721 to 1723 are of tiiis twist drill grinding machine, constructed by Thomson, Sterne, and 
Co.r of Glasgow. It consists of a hollow standard having at its top a slide for the headstock carrying 
the emery wheel spindle. This hcadatock can be moved to and fro on its slide by the lever d. The 
spindle carries at one end the emery wheel, while at the other it drives a small centrifugal pump, 


1721. 1722. 



whitdi draws water from the hollow standard serving as a water tank, and discharges it on the edge 
of tlio eiuerjr’ wheel, the conneetioiiH lietwecn the pump and th(* tank and emery wheel casing, respec- 
tively, IxMiig made by iiidiariihl>er tubing. The wheel is so mounted that it can bo shifted back as 
the emery whee l wears, and the wster can thus always he discharged effectively on the wheel. The 
who<‘l spindle is driven at a K|K*ed of about 2400 revolutions a minute. 

At nil angle of 45^ with the wheel spindle, there brauclies off from the standard an arm carrying 
the sliding head, in w’hich the drill to l)e gnnind is mountt-d. In the grindingof a drill the handles 
a and are loosened. From the bearing jKtst c, the finger which is used in the preliminary adjustment 
of the whetd is removed, and the projn r size of guide ring for the drill to be ground fixed on ; the 
drill is placed in the hollow spindle or socket ma«le to fit the drill and spindle, its end resting in the 
guide ring, with the loft hand of tho operator on the milled fianges rc'; the spindle is adjusted to 
allow about jj-in. play lietwi-en the llangt* r' and the head /; the hea<l / and the spindle are moved, 
sf> that the end of Uio drill is brought to the face of the wheel, and the lever g tightened with the 
right haml. The machine is then started, and the amount of water supply regulafecl by 
raising <»r lowering the flexible tube through the eye on the headstock ; the drill is acynsti**! forw^ard 
witli the left hand on the flanges c o', one cutting edge of the drill l>eing brought horizontal against 
the fnc<* of the wheel, and the drill pn?S8i‘d forward until the desireil amount is cut invny ; the 
handles a un<l h are tighteiuHl firmly ; then tho lever d w^orked to move the emery wheel back and 
forwaiti aerfiss tho face of the drill, and at the same time tho handle ^ brought down very slowly ; 
after which tho drill is rotated quickly against the face of the whetd by moving the handle 6 np and 
down, until a smooth finish is given to the end of tho drill ; the handle h is loosened, and tlie spring 
stud puli€?d down iinflerncMith tho head /. Tho handle a is throwm over, and the handle 6 tightened, 
the ojiomlion being reixaU^d ns in gririiling the first side of the drill. After setting the handle a it 
must not bo loosened until both cutting edges of the drill are finislte^l. To prevent the water from 
freezing in tho tank, thereby endangering the pedestal, it is recommended to otld a small quantity 
of glycerine, otherwise tho water should not bo allowed to remain in the tank over-night during 
frosty weather. 

An application of emery wheels wdth mouldsd cnlges is shown Fig. 1724, w’hich is a machine made 
by Shick^B Emery Wheel Co. for cleaning out the teeth of wheels. 'J'he emery wheel is turned to 
tho shape of the simoo between the teeth, and revolves in a small headstock, w hile the wheel, or 
pinion, being operated on is moved vertically in front of it by means of an ecctmtric motion, and at 
the end of each stroke is turiuMi antomatioariy through the space of one tooth. These machines are 
exoUisivtdy used by makers of textile machinery, and will clean from 1500 to 2000 teeth an hour. 

A similar arrangement is usetl in the Universal Tool Grinders of Thomson, Sterne, and Co. 
One of thesis machines is shown in Figs, 1725, 1726, It will be seen that the C43ntrifugal pump is 
filaoed nt tho biu;k of the machine, and is driven from a pulley on the countershaft. The 
safety grinding ring used with these macliinea is made so that the sides of the emery ring 
are gripped bi^tween two washers with dovetail grooves in them, which would keep tho pieces 
in position should tho ring break. Corundum, which is a pure form of emery, and a harder and 
eharpor abrasive than the emery of ooinmorco, is usexi whore it is important that the wheel should 
remain of the same diameter and shape. Morton Poole’s system of grinding chilled calender mils 
is an instance of the application of corundum wheels ; there are several peculiar features about this 
process of grinding, atm an extremely accurate result is obtained. 

It is WM known to all who have had experience in ornery grinding that to perform rapid cutting 
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a very high speed of the wheels is desirable. But it so happens that those emery oompounds which 
are best adapted for quick cutting have also the least cohesive strcngtli, and hence tlie speed at 
which it is ^ssible to drive safely ordinary discs made of such compounds is limited. 

To obviate this is the object of the device invented by Butler, Figs. 1727, 1728, where, instead of a 
disc of emery, a ring is employed made up of segments a a. These segments are placeil within the 

1724. 1725. 1726. 



flange b' of a casting and in^ide them are arranged the curved plates cc, which are tightciieil up 
against the grinding segments by the screws //, interposed b<*tween the plates <* und tlie Ikw.m < . 
The pairs of locked nuts fig are used for balancing the wheel, and they enable this balancing, an 
important matter in whc'cls driven at a high speed, to be accomplished very readily and acctirately. 
Fig. 1729 relates to an arrangement differing dightly from that of Fig. 1727, the casting being, in 
this case, of such form that the plain disc 6 is interiwsed iKstween 
the atljusting screws / and the work which is l>eing ground. It 
will be understood that the grinding is performed by bringing the 
work against the annular surflvees a\ prcsento<l hy the grinding 
blocks instead of against the jicripbery of a wheel as is usual. 

As the surface a* wears away, the grinding segments are shifted 
further out, a portion of the thiekness of the segments l)eing made 
of a non-binding comp(juud, so that they may be hold firmly until 
all the grinding part is utilized. 

Segments held in the way descrilied can l>e driven with jHjr- 
fect safety at cxcee<lingly high spcc'ds, while the manner in 
which they are held is such, that there is nothing about the 
device likely to catch against work or do damage by anything 
falling on it. This is an im{)ortant matter concerning the siifety ^ 
of tl»e workmen using the wheels. 

Hansomo’s emery wheels arc much esteemed in English works, 
and from the circular of the makers, A. and H. Bateman and 
Co., of Greenwich, we give the following practical remarks, which 
apply generally to emery wheels, on their use ; — 

“ It is well to run a coarse und a fine wheel at opi^ositc ends 
of the same spindle, doing the rough work on the former and 
finishing up on the latter. Far more work can be got out of the 
wheels by applying the work liglitly to them, than by j^rt ssing or 
crowding it; the latter only beats the mettd, makes the wheel 
glaze, and often go nut of truth. 

Speed lias a grt at deal to do with result ; from considerable 
exi>erience, a surface speed of 4000 to 4500 ft. a mmuto, say 1350 
revolutions of the spindle for a 12-in. wheel, is rccc^tnended, although a thick wheel may Ih) run 
one-third faster with advantage, and good work may be got out of a slower spf^ed. 

“ A foundation for the machine, good enough for slow Bf>eeds, will not do fnr high ones. Any 
vibration or tremor while at work is certain to produce bad results. It is not enough to screw a 
spindle firmly to a bench or table, the latter must itself be firm and rigid. In self-ermtainnl 
machines, a good concrete fiiundation is necessary; the expense will not Ix^ grudged, when the 
results are compared with those obtained from a muchitio on a shaky foundation. It must 
remembered, that a large amount of centrifupl force is developed in a disc revolving many hundred 
times in a minute, and this must be met by firm foundations, and pro|)er screwing up of the washers 
and side plates. Too much care cannot Ixj taken on these [xdnts." 

To A. and H. Bateman and Co. are also due the subjoined practical BUggcslions 

** Examine emery wJieels and machinery at least once a day. 

“ Kemedy any defects at once, and on no account go on working with anything out of order. 
If a machine vibrates, add or alter requisite fittings. If a wheel is chipped or out of truth, true it 
with a black diamond. This may bo done while running at full B|>eod, ciire being taken to touch 
the wheel very lightly. After trueing, the wheel will be dull ; rough it by running it against a 
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piece of copper, or a piece of hard coke. Do this frequentl^r; it makes work better, and wastes the 
wheel far less than waiting until it is very much • out.' 

“Never let the spindle jump or get hot, either will injure the wheel and produce bad work. 

“ Bee that siile plates fit the spindle, and are fairly true. Screw up firmly, but not so light as 
to crush the wheel. Do not use too long a spanner, it is diiheult to estimate the force applied by 
means of a screw and long lover. 

“ Be careful to run the wheids at about the indicated speed ; they wear out quicker if run much 
slower, and are apt to go out of truth, and an unnecessary risk is run if the speed be too great. 
Ascertain the .speed by means of a counter. Calculation by size of pulleys is not very reliable, 
owing to the clitficulty of making proper allowance for slip. 

“ If working with water, let it be applied close to the work, through a small oridee in a pipe 
under some pressure, either from the main, or from an elexated cistern. The wind caused by 
the wheel will otherwise tend to blow tbe water away. If too much is used it will fiy off and 
cause inconvenience. Cenorally, working dry will be found preferable, but for tools and small work 
water is necessary. 

“ Witti tools and small work, hold in the right hand and press near the end with some of the 
fingers of the left Uan<1. The moment the lieat becomes uncomfortable, dip the work in water 
standing by, and then replace it on the wheel dripping, it not being necessary to dry it. Heat that 
will not hurt the fingers, will not injure the temper of tlie steel. 

•* If a wheel breaks, nearly if not all the fragments will fly in tbe line of rotation. In grinding, 
therefore, stand us clear ns possible of tins tine, to avoid injury in case of accident. Kail way trains 
sometimes come to grief. An emery wheel running the same speed may do the same, but will not 
with proper care. 

Mount the wheels with the proper washers, and do not strip them off and put on others. 

** Most imx>ortant of all, remember that fair working gives best work. Forcing work against a 
wheel injures both, causes risk of accident, hastens the wear of the wheel, frequently causes 
glazing, which never happens with proper grinding, and is sure to wear a wheel untrue and involve 
very frequent trueing np.” 

There is but one limit to the use of emery wheels for fettling castings, and that is the size and 
weight of the c^istings. All castings, whether iron or brass, not too heavy or unshapely to berc'odiiy 
handled, slioultl be fettled by the solid emery wheels, and it is placed beyond dispute by tlie expe- 
rience of years, that this plan is cheaper and more practical than any other. 

We see little reason to doubt that the stdid w'heel will in time entirely displace the grindstone. 
There is really no advantage in the very large size of grindstones, and the great variation between 
their maximum and minimum size, causes much inconvenience to the workman. The size of emery 
wheels is such that they occupy but little space, and are mounted w ith the greatest ease and speed. 



They are bo strong that they can be run at an immense speed, and being composed of angular grains 
of a mineral only inferior in hardness to a diamond, they cut much more rapidly thim grindstones, 
whose uneven texture is mainly caused by round and* watorwom particles of silica. While the 
stones have t(j bo roughed and pickeil from time to time, no really good emery wheel ever requires 
such treatment, presenting always a fresh, free, sharp-cutting surface. In consequence of the hard* 
ness of the surface aud the very high spotkl, the work needs to be lightly touclied to tlie wheel, and 
the selection of heavy men as grinders is done away with, as are also the swinging boards, housings, 
and appliances for getting pressure. Owing to the moderate size of the wheels, they can be easily 
turned with diamond tools, and thus always revolve as perfect circles, instead of becoming eccentric 
as the stones da 

jRoiting Mitohines, — ^Figs. 1780, 1731 illustrate a set of plate-bending rolls, made by Grant and 
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MacfarlAne, of Johnstone, near Glasgow. It will be seen that the upper part of the frame carrying 
the bearing and elevating screw is m^e in the form of an arch, and is attaclmd to the lower pari by 
two bolts ; when necessary, one of those bolts may be removed, and the top frame swung clear 
round on the other. Bent plates may be straightened in machines of this kind by running them 
through the rolls, with the top roll sot to neutralize the existing curves. 

Augle-iron, T -iron , and bulb- 

iron may be bent in the same * 1731 . 


iron may be bent in the same 
way as plates if grooves of the 
proper ^ape are turned in the 


rolls ; but in the machines n 

usually employed for this pur- t 

pose the works arc placed verti- 
cally, and project clear of the 
frame. lu the michiues for 
bonding garboard stroke^ the 
garboard stroke is the line of 
plates next the keel of a ship, 
the plate to bi' bent is clam bed 
to a tal)le, and the bending-roll 
brought to bt‘t\r U|^K)n it by a 
powerful ly-geared quadrant at 
each end. Machines for flang- 
ing and propaiing the edges of 
plates are now generally used in 
the best boiler works, and not 
only effect a considerable saving 
of time, but turn out cleaner 
work than that done by hand. 

Hydraulic To^Js . — For cir- 
cular work, the most rapid way 

of forming a flange is u» give a 

rotary motion to tlie work, and 

deflect the edge by bringing rollers to bear upon it 




Where the work is irregular, and eaiinot l>e 


operated ui)on by a rotary machine of this kind, the flanging is usually perf«trmt*<l by pressing 
the work oetween dies, on the plan of Piedbesuf’s hydraulic flanging machine, Fig. 1732, a 
similar arrangement of hollow dies is em- 
ployed, except that the movable die is fixed □ rn 

on the plunger of a hydraulic press. ^ 

. The plate required to be flanged, having \\\^ ^ 

been properly heateil, is dn\^^n out from f' ^ 1 ( 

the funiaoe over iron bars, on to the annular ^ J [ ^ 

ring. Fig. 1732. The four small plungers « • — 

carrying the hihle are then opened hi the ^ I T'l 

accumulator pressure. This table, rising s | J Yj / lii M 

up quickly, firmly holds the hot-)ilate H — ^ 

against the top die, until the pressure being , ... Dt, 

admitted into the large cylinder, the ram 

of this also rises, carrying the lower uiov- — ^ L , ) |^.i>**^^***^ 

able tiible, on which is attached the annular ^ | f 

ring, on which in the first place the plate j ji 

was placed till adinsted and securely held /I ' I it 

by the movable table. Jlie ring, travelling Jc-lL Jj L\ ! JrAjl 

up, catches the projecting e<lge8 of the SpX ^ ^ - 1 1 — 

plates to be fiangei an<i Ijends them accu- — « » •< ^ ' -r «" p ■ " ■■■ ■ ! I 

lately over the die. The valves of l>oth E | | C. » | 

the main and small cylinders are then ^ 

opened to the exhaust. The targe one falls 1 I .. Iiir^ :i.:- ' 1 1 

Very rapidly, owing to the weight of its j { || ^ V. 1 V V B 

parts, and the {jlat<: just flanged thus comes | . ^r7:rn . n j 

off the die immediately before it has Imd » r— ^ ^ I^S 

time to contract on it. One valve works JI j jl I ^5 

all the four small, and another ihe large ^ * t i ^ ^ ■ , I ^ 

cyliiidet. ^ M ^ 

A variety of irregular shapes can be pro- — — p— 

duced by this ntachine, such as locomotive ^ ' 

fire-ljox ends an<i front tuU*-plates with ' 

reverse flanges, and it is stated the saving 

amounts to fully two-third.'tof oost by hand. ^ ^ 

This is witliout taking into conshlemtion ^ 

the economy in being able to nee plate* of an inferior quality in place of tiigh.cla»i« brand*, which 
may onl v necessary bt«auae the commoner, but etjually strong kind*, would not sUml the fire and 
working ; but there i* tlie wlditional saving in cost in the fitting together afterwards, in saving of 
fneh and wear and tear of fuma^ A ^in. thickness of plate and 7 ft. diameter can have a 4i-ln 
or ^in. flange put on all round in a little over 30 seconds. The only limit to the machine’s 
performance a day is tlie furnace power which can be placed ronnd It. 
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Similar results are obtained by the use of the presses devised by Haawell of Vienna which are 
illustrated in li^gs. 1733 to 1738. The pumps are worked by a horizontal direot-acting steam 
cylinder, of large size, the working of which is directed by an automatic arrangement, so that it is 
perfectly and instantaneously under the control of the driver. 

Fig. 1733 is an end view of the press and steam engine. Fig. 1734 a side elevation. Fig. 1735 
is a vertical section. Fig. 1736 horizontal sectional plan. Fig. 1737 a cross-section of the steam and 
cushion cylinders. Fig. 1738, ^ 

a horizontal section, through 

the chambers of the regu- /Z 

lating valves of the press, y / 

and the attachment of the 

water pipes. fi' 

The press consists mainly jW tg ® 

of two vertical C3'linder8 A g 

and a, of different sizes. || 

These are fixed to a large ^ | g 9 

cast-iron frame B, of cruci- yy fl > B 3 

form shape, supported on yy 0 ^ 0 

four malleable-iron columns, yy — n — m ^ n 

firmly secured to a bed plate I M m ^ 

B'. The two pistons and ^ 11 ▼ ▼ J 

o' have cross heads fitted on U < ^ 

their outer ends, connected yy | ^ . 

at their extremities by two I 

strong malleable - iron side ^y H 

rods 6, so that tlio pistons yy ^ - 

work simultiineously. These yy "j Eh 

rods, passing through grooves yy tT 

formed in the upper frame B, ^ ^ Ju 

and the interme<liate steady- yy 

ing frame B" act likewise as ^ ^ A A y^3L 

guides to prevent the rams 

*^he liammer is fitted to ^ 

the lower end of the pressing ^ I Ijw 

ram A\ and the bottom anvil — / -■i . ! 1 1® 

bedded to the bottom bed- -i to li: ■■ ■■ ■ ■ Il f l 

plate B'. The main steam ^ O— I fL i 

cylinder D is fixed horizon- L , T:=:ar | 

tally on a strong bed plate, y I R I lalf 

the piston rod {lassing I II 

through pecked stuflSng ^ 

boxes at both ends, to which ^ 

are attached, in the same n 4 ■ B ► 

line and plane, the rams of fl ^ ^ 

the respective hydraulic ^ A H 

pumps. \ I 

A small steam cylinder ^ D 

E is placed by the side of 1 

the main steam cylinder to ^ I \ Jp 

work its slide valve. At- ^ I J 

tached to the valve rod of ^ H m 

this steam cylinder £, by the ^ | I I 

lev^ I, is a tappet rod J, | | I 

which is worked automati- ^ n |- L 

cally by a pri>jeeting arm ^ 0 JB BL 

attached to the crosshcad D" ^ gd*— B f *' 

of the ram of the pump cT, B3— — ^ 

this acting upon the slide ^ B B 

valve of the small cylinder ^ w 3 

E, which in its turn actuates 

the slide valve F of the main fX 3 3 

cylinder D, which works the Kv Bt 0 

pumps of d and d*, Q§(^ - - 

The discharge branches 

of the two pumps d and d* are W 

ctmnc^U^ by the pipes e \\ 

and c* with the passages and 
chambers formed as in Fig, 

f”** ‘**“‘*"8;® rcgnlating ralvm/snd A are worked by lorers Lli, liaving rode 
attoebed ^ their free ende, and directly connected witli the pieton rorieof the two email auxiliary 
stciam cylinders g and g. The slide valves of these auxiliary cylinders are controlled by means cif 
trie hand levers A and A . 

.1 “nd bare perforated pUtona, the rods of which are 

aim connected to the regulating valve levere L 1 .. TIiom relievo the aadilen aboek incident to the 
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work put upon the leTora. 

There is also a loaded 
safety valve* not shown* 
plao^ in a convenient posi- 
tion on t)io pressure pipe, 
for relief in case of need. 

The press may be 
worked at any desired pressure, regulated by the 
boiler steam pressure, and either a light or heavv 
blow, or squeeze, can be given to suit the work 
in hand. The velocity or number of strokes a 
minute, depends upon the efficient action and 
rapidity with which the two auxiliary cylinders 
g and g* can be worked, as these regulate the inlet 
and escape valves f and /, the driver having 
merely to handle the levers h and h' ot the slide 
valves. Ko expensive foundations are required, 
as both the engine and press are self contained. 

The slabs swaged by this press are always 
hammered to some extent before being put into 
the mould, and similarly to all special tools, Uas- 
weirs press cun only be used at a pecuni^ iidvan- 
tnge for work in which there is repetition. In 
such cases the saving is very great, as for instance 
with locomotive crunks and wheels, it may 
amount to as much as $0 per ocmt.,and even more, 
as compared with forgings finished under the 
hammer. 



1T3T. 



1T3S. 



MeKay and Mac^rge's fiO-ton hydraulic riveting machine. Fig. 1789, oonsista chiefly of two 
levers, each 12 ft. long, the left-hand lever being stationaiT, and oariying the hydmoUo 
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oylindera, whilst tlio other tarns upon a centre and advances or withdraws the dies from the work. 
In consequence of the levers being of so large a radius, the arc described by the end of the movable 
one is for nil practical purposes a straight line, and no inc*onveuieiice results from the obvious 
theoretical objection that the movable die travels in the arc of a circle, Botli cyliiwiers and working 
parts are quite out of the way, being placed beneath the ground within a pit, which is carefully 
closed, and so prott‘cted from frost, as well as from danger of injury, accidental or otherwise. 
Guarding against fmst is a very great consideration, as hydraulic cylinders are often left full and 
become liable to hurst through their contents freezing in u inter. 

The machine is actuato<i by turning the staiting handle and so giving motion to a slide valve 
of peculiar ccmstruction, which, at its highest position, allows free comiiiunioation betw^^en ladh 
hydraulic cylindt^rs and the exhaust; a slight movement downwanls connects the acciirniihitor with 
the bottom of the piston of the small cprlinder, which is of sufficient ana to overcome the friction of 
the packing of both cylinders, and friction and inertia of levers, and tlius the dies are brought 
quickly up to their work, whilst from the elevated exhaust cistern, water flows in behind the ram 
of the larger cylinder, thus effecting a material economy in the quantity of water rt'quired to bo 
supplied under pressure. 

Tlie valve is nt xt moveil lower, allowing full accninulator pressure to come upon the larger nini, 
wliich in this particular machine transfers to the dies a pressure of GO tons. Aftt‘r a slight pause, 
which is nece.ssary to cool the rivet, the hatuhwhecl is n'versetl and the slide valve returned to its 
'higinst |x)sitton, thus allowing the cylinders to empty thcinsclviVM, whilst a constant pre.^sure on the 
annular an a of the small piston alw’ays draw's the levi^rs back, and the atttaidants make ready 
another rivet, and alter the |Kisition of the boiler shell under o|>eration. The depth of gup is 
5 ft. 3 in., w'hieii is found to be sufficient for ordinary Ijoiler w'ork, hut this length can la? inemisofl. 
Wlien not rctpiiretl for riveting, this inaciiine is ust^ for the pnrpost^ of l>enciing or straightening 
ships' beams und girders wiiilat cold, an appHcution of value. The straightening or lamdiiig jaws 
are phicetl midway betw'een the centre ami the riveting dii*s, and if nec< ssary a prt ssurt^ of 120 
tons can thus bt? brought to bear iq^on a beam or girder plact*d l>etween tlu*m Moreovijr. th<‘y esn 
be adjusted so ns to take in any depth of lajuin, and as they do not interfere with the etiqdoy incut 
of the mnohine for riveting, they are as well fitteil for cx^casiotial as for constant use, 

MATEIU.ALS OF CONSTUUCTIOX, STRENGTH OF. 

The maierials of which engineering constructions are ma»le have liad their properties made* the 
subjeet of exhaustive research, but the iutr<Mltiction of new materials, or the advanc 4 ‘ in the manu- 
facture of those which are already well established, demands constant ami unremitting atte ntion. 
As a constructive material, steel has made the im»st marked progress, and it is to Ik? r» gr» tt<'d 
that we have so few comprehensive accounts of its qnalitic.H. That of Oaniel A<hinison, f>f 
clnster, read to the Iron and Steel Instdutr^ in 187S, from which we quote at length, is, liowever, a 
marked exccptuai. Adamson remarks that numerous expeiimcnbi liav?* conducted by w veral 

eminent engim eis to prrrve the tensile strength of irtui ami steel, botli in tJo* simpe of Uirs and 
plates. Unfortunately, however, many of ti»e tests have? been carrk^il out with rude testing 
machines, rendering it difficult to obtain a true result of the endurance and strength of the na tal 
under inve.'*tigation. 

In addition to this, a lurgo projiortion of the specimens tantr^d liave lx*i‘n of short lengths of 
metal, varying from 2 in. to 4 in., and in all such ca.scs a higher ten.nih? strain has l»e< n noterl than 
can be depended U|K>n in practice, while the ehmgjttiou ha-» also been iniioii ovcr?»tatcKl, a larg.- pro- 
portion of the extension of the sftccimens arising from a contraction of an a, or breaking elongation. 

With an accurate and sensitive testing machine, the maximum load is always cnirh d in the 
mild ductile metals when about five-eighths of the elongation has taken ]dacc. theVuiaiiuler, down 
to the {X)int of breakage, is developed with a gra<luutly rtKlucing IoimL 

Ordinary iron lx»iler-plate.s and hard steeLs are an exception to this law, and nearly universally 
bretik with a maximum IojkI, hut witli little or no reduction of area. 

S4)ine experimtnts, conducted to dctt?rrnine the strength of sttK?ls with fixetl projiortions of 
carlxm only, liave tKfni reconled t»y Vickers. Unfortiinat<-ly, in this c.i»e, no cognizance was 
taken of other dwturhing ingn dients ; hut, ns the tests in qin stion were more e»|sKMail> to deU r- 
minc the strength of cna ible steel.*?, mostly iiM^d fnr tord>ctitttiig purjM«»es, they were of little vuluo 
to the constructive or mechanical engineer to guide him in his jimctice. 

AdamsK.n stdes that having um-d, jiracticully, a oompanitively mild class of stiHtls or ingot irons 
for twenty-one years, he has at lime» found from cold mcchiinicat bending tests sriinc iireguluiities 
ill the working of sucli metals, which rcquiriKl a mom caretiil iiiveHtig.iiion, both as reganls com- 
pojiition, tiud the temijcrature at which they could be manipulated in the workshop and pruclicallv 
apjdied. * ^ 


He therefore U*st/*d the endurance of iron and steel when subject to cemeussive forcx>, such 
n.s can be jirmluced by gun-cfdtfui, gun|iowder. or other explosive iimteriuls, partly with n view t<j 
understmu what would be the eflV?<?t on a steam Ixdler working under pressure, by the si<le of an 
expbsling l>mler, or the effect on a ship by t^ilisiori with anotht'r, and whether wrought iron t,r sIck I 
p.>S8essed the greatest power U> resist such aecideiitally produced fierce. The extsriments were 
Conducted by f?xploding gim-cottoii 12 in. alxive a s«*nes of iron and steel plaU's, varying in tlii«'k- 
ness from ^ to of an inch. The iron plates te-.ted were of b(?st quality, the st« el plates of h mild 
, siiftahle tor Ixiiler and shipbuilding ptir|>oses. 

All fh.! iron pkUi. Hut.jeot to tX|.lo»ivo U--.t were 18 in. equare by A in. thick, tihux'.l utmn a 
c^t-iroii anvil blwk, about 2u in. s^^uare, baviug a segment of a sphere gougeil out on the t 4 »p side, 
10 ni. diamet4?r and 4 in. d^-ep. 12 in. above the plabj 8 1b. of dump guu-cottou wi re fixt^l t»y 
* trifKwl of liiihg, iittacheil to tljc cotton by two iniiiurnblH-r ring*. Again, upon this woa |iln<<«4 
^ oz. oi «Jry i{uii.c«jttou with a lime fuou attached, to euHUtc a ''oiiiplete expl(»iou of the dump com- 


Oa the gun-cotton exploding, the iron plate waa entirely broken through 10 in. in diamiier, and 
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the centre piece forced down to the bottom of the anvil block, breaking up in an irregular line in 
the direction of the fibre, and to some extent across it. 

'J'he »:aine experiment, precisely, was conducted on a steel boiler-plate, but only | in. thick, 
which, after the explosion, witli the same weight of gun-cotton, and under exactly similar arrauge- 
uionts, was depress^ 8 in. into the recess of the anvil block without the slightest sign of fracture or 
any apparent injury whatever. 

These exnerinieiits were repeated with the same result on five more best best iron, an<l five 
mild steel plaU^s, the latter being both of the Bessemer and Martin-Biemens system of manu- 
facture. Bo far these experiments were conclusive in favour of mild steel to resist violent concussivo 
force. 

With a view to get a full and more exact knowledge of the reasons why the iron plates broke 
up so much, as compared with tlie mild st€)els, a further series of thirty experiments were carried 
out, o)>erutiiig upon twenty-seven plates of varying quality, selected from the principal manufac- 
turing districts ; thc^ iron plates of Ijcst and best best lajiler quality from Staffordshire, Shropshire, 
nud Yorkshire, including the Low Moor class ; the steel plates both from the Bessemer and Martin- 
Biemens class ot makers. 

The composition of cacli plate is given in Table I. with figured references. 

Table I. — Concussive Tests or Iron and Steel. 


Drifting 

aft<«r 

ADuealing. 


Chewical Composition. 


Fe. C. Md. si. S. P. Cu. 


O. Cinder. 


K V. i/BessemcT class of l 
’ * \ mild steel . . / 

- 'iBpcciul class York-t; 

♦ I shire iron .. .. f 

q jq iSf>«*cial class T.anca-r 
*■’ \ shire iron .. 

11, 12 IV‘sl boiler plate 
18, 11 Host best boilcr-plntt! 
ir I .. I ui-r*ieiucns classt 
^ f of mild steel 
17,18 Onicible steel 

o/. < Bess<*nM r <dass mihh 

HU -.-1 / 

21,22 OrucibU- «U h-1 .. : 


•C50 1-457 99-00 ;0-137 0-634 O' 
I ' i I 

•687;l-3125 9S-90 .trace 0- 18 0 

i ■ i I 

•087 I -8125 98*80 . trace 0*14 0 

• 087 1 • 093 99 * 000 0 • 035 0 * 029 0 
•087 *908 99 0000 0400 0290 

• 050 1-781 99 * 100 0 * 1 45 0 • 570 0 
•050 1*025 90 00 0*10 0 *01 0 
•050 1*875 90*25 0 14 0*80 0 
•650 1-581 llO OO 018 0-77 0 


0180-126 0 154 0 001 

I , : 

13 I nil 013 : .. ! 

i i 

14 j trace 0- 17 ' .. ! 

07.50 011 0 3000-0220' 
0940 011 0*:;000 0240 

0180 0030 0850 012 
04 XD08 0*04 
00 0 05 0 04 ' .. ! 
02 iO'll 0*04 I .. ! 


5282*112 

4901*984 


The fiiin<Mdt*d mild steels again show a marked superiority of endurance, as will bo seen on 
referenci' to Nos. 5 and 0, 15 and 10, an<l 19 and 20. 

In tin? eiiS4* of the first tw'enty-scven test.**, the charge of gun-cotton was reduced to IJ lb., but 
l>eing exjibKbd 9 in. alx>vc the plate, instead of 12 in., ns in the first tests. Attention may be 
further cidled to Nos. 15 and 19, as these plat4'8 at the first explosion w'ere disheil down into the anvil 
about 1 j in., after which the platen were turncxl with the convex side up, and a further eharge of 
1} lb. of guiecottoii was expltKled 7^ in. ab<n’e the crown of the jdates, prtiducing th<*reby a double 
cornigntioii willnuit the plates exhibititig any outward sign of distre ss or injury. The mild stetd 
thus showed i»owers of resisting concussivo force, probably unequalled by any other metal that has 
ever lieeii innniifactureil. 

The two plates referred to had both been annealed previous to the drat explosion, and the need 
of such annealing is iliustrateil by Nm. 17 and 18, which cmckoil and broke up by the e.\plosion, 
the broken plate InXng forceti down to the bottom of the dish in the anvil, ulthougn of a very good 
quality of mild steel. 

The plate from its api>earance had evidently been finislicd from the rolls at a low heat, and had 
a fine, siiaK>ib, oxi«le btoel surface. 

The iiecissity of aiineiiling is further shown by the snme class of plate, l^eing of exactly the 
same quality, No. 21. This plate was experiinenteil upon after being tempered in oil and after- 
wards iiiinealed. The oom|iositioii of this plate may bo considered about the same as a gre^t many 
Bc8.s<uner and Marti ii-Biemeiis mild stet 1 plates. 

The sitad (date No 5 was ruptured or split by the c^xplosion. The cause of this was not known 
or uiuU^rstood until a full analysis was seourctl, when it was tliseoven^d that the plate in question 
eontained about tlirei,* times as much of sulphur and phosphorus, as is common in an average good 
Bt‘ssetner or Martin-Biemens mild sUel boiltT-plaie. This experiment will pn>bubly explain why 
some breakages have occiirroil in the use of steel plates for toiler pur(>oses, simply because the 
metal was of inferior quality, and establishes the need of a careful iiivestigatiou into the character 
of the metal an eu;.iitieoi’ may scdect for practical purposes. 

Tiie classes of wrought-iroii lK>iler-plate8 that broke up by the explosion, are represented by 
Kos. 11 to 14. Tiiosf^ lluit endureil best by Nos. 7 to 10. 

In these oases the sulphur is onlv a trace, while the plates have about the same measure of 
phosphorus that is eontained in the other iron plates that broke up in every direction. The leading 
feature of tlie rupture of the iron plates, in the whole series of the exjieriments, may be said to 
closely follow in destruction, the quantity of sulphur, phusphorus, and cinder contained in the 
metal. 
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Further experiments were conducted with tk view to test the iron and steel plates in question by 
drifting a washer cut frtim each plate. All the washers bad a hole drilled in the centre, equal to 
the diameter of a rivet hole for the same thickness of plate, and with an outside diameter equal to 
the lap of such a plate for single-riveted joint. 

The ordinary best best boiler-plates, of varying qualities, show an extension in the diameter of 
the whole, by drifting from 27 per cent, up to 50 per c^nt., while the best high-class Yorkshire 
plates endured drifting up to 01*5 per cent, before burbtiug. 

Beferring to the drift tests of the mild steel plates, the holes btdng smaller to begin with^ 
or the outside diameter being proportionately less, agreeing with the thickness of the plates, 

the enlargement of the holes by drifting range fix»m 13H per cent, to 187 per cent. 

These drift tests further illustrate tlie tioi^ssity of annealing, as these proved plate No. 17 to 
be of a moderately good quality of metal, but before being annealed the explosive foroe bioke 

^The composition of the two mild steel plates that withstood the highest drift test. Nos, 15-20, 
both show a low measure of carbon, but No. 19 had slightly less phosphorus than No. 15. and only 
J as much sulphur, thus, to some extent, explaining chemically that a higher endurance of drifting 
test is secured hy the lowest measure of sulphur and phosphorus. 

The indentation by the coucussive force also showed that the corrugation is greater in No. 19 
than in the plate, further proving it to be of rather milder quality, having slightly leas carbon, less 
manganese, less phosphorus, and very considerably l«‘ss sulphur. The only further reference, in 
the matter of drift tests, is No. 5; the increase of tht‘ diameter of the whole before bursting amounts 
oidy to 122- 1 pt*r cent. This plate having a larger measure of sulphur and phosphorus than the 
other steel plate, did not stretch as much by about 40 per cent, as the others of better and standard 
quality, and cracked hy the explosion, 

Innumeranle rt‘cortis have been published giving the tensile strengrth of iron and steel ; the 

a uality, as a rule, has only been defined by the maker’s name being attached to it, without any 
liougiit or cjire as to what the metal was composed of. 

Great discrepancies have therefore arisen, and Kirkaldy, in his published records, 1862, gives a 
number of tests which were carried out by him between the yearn 1859 and 1861. It is shiteii that 
the st'irtling discrepancy between exjieriiiients made at the Royal Arsenal end by Kirkaldy is 
due to the difi'erence m the shape of the respective sjicoimens, and not to the difference in tiie two 
testing machines.” 

A record of the experiments here illustrated, Adamson contends, clisnrly disproves and seta 
aside this conclusion, whilst a fuller iiivestig.ition of the constituent eU^ments of the met.il will 
plaiidy explain the dififereiice that is ropute^l to have iiriscn, by the variation in the shape or 
sections of the spocimf ua tested. This, howev«*r, is <»pen to question. 

The 8p«‘cimen 23 Table II., is a piece of mild 8te« l lioiler-plate of avemge g«»od quality. Thi.s is 
home out by the mechanical test, a ^Kjrmanent set Ix-ing indnetMl hy a stmin of 19*86 tons a sq. in., 
o;irryiiig a maximum load c»f 29*91 Urns, with an elongaiioit of 15 per cent., and ultimately broke 
down with 25*89 tons a sq. in., and a total elongation of 26 per eetit. xVfter the maximum load 
had l>een carried, the specinien began to re<hice in s« ctional are^i alH^iit the inhldle for a distance of 
from 2 in. to 3 in., carrj^ing less and lcs.s load as it elongated, until fiiml doiriK'tton t/K>k fdace at 
about 26 tons. The carrying |x>wer is abfnit the average of a very mild steel boiler-plate, and from 
the oonifiosition 8u* h a result might lx* expected. 

I'he ai>ecimen No. 24. Tabk* II., is taken to illustrate the carrying power of a plain ir^tangtilar 
section of steel lx>iler-plRh% nearly a square* incli in scctionid area, but wh:cb is tint of the highest 
quality, as indicated hy the quantity of sulphur and phosphorus it contains, but to secure a standard 
fon*e to break this class of metal, with irregular seetions. 

Nos. 25 and 26 are cut from the same plate, and are of the same composition, but planned out 
to produce a channel section, being increased or decreased in breadih to maiutatu the section CMjual 
to aUjut 1 84] in. 

A 84Ties of tt'sts were made with variable sections of this character, hut practically no diflTeremoe 
was found, after the maxiiiiurn strain had In eri taken, ari-ing from the ditlenuKx.* in form, and this 
will be seem from F|)ecmiens tested. No. 24 carrieil a tnaximum load of 27*72 tons, No. 25 carrying 
27*7 tons, and No. 26 carriwl 27*8 t4>n« a sq. in. These, t*»gether with more U*sis, on muttff, 
square, ami nnftaugulur bitrs, all show that variable sectiofis do not alt4*r the carrying {.x>wer; the 
disturbing infiiuiice being entindy that <*f composition, couple*!, no doubt, with more or loss 
careful manipulution and work put U{X)ti the inalerial. lo making tensile tests of this character, 
short sfK'cimcns of 27 in. tf) 4 in. are ina4lmisHible, end at l»est mimlirr^ting. 

The* mild sUk 1 8f>ecimen, No. 27 hail its Mirtace rough fMdislH'd. over the 10 in. under test and 
divideil off ink) ten equal parts. This test was cairn d on until the ritnxtnumi strain was ii|xm it, 
and by its rdongation it showed its<df to Ur of a very mild quality. rcx]utririg tf» induc<r fjcnnatietlt 
set 16*96 tons a sq. in., and carrying a maximum loa#! of 27*tJ7 ions, with a total elongation of 
18*5 per cent. Ti»e load was then n iKOvcvl, leaving the plate unbroken. 

The elongation of each M paraie inch wa.H re-eonied, nnri it was foiin<l that the first inch elongated 
14 per cent., the sec ond inch 17 per c^ nt , third inch 19 ]>er cent., huirth inch 21 |wr cent., the fifth 
inch, arriving at tin- middle of the spec imen, 23 |x r cent., tlie sixth 23 [utr r^rnt., the is^venih 20 p<fr 
cent., the eighth 17 per cent., and the ninth 17 p« r criit., or llie same us the S 4 *c*>nd inch, white the 
tenth eloiigfitM 14 |^er c< nt., Wing the same comparative position as regards the ends as the first 
inch, and also the same elongation. 



coritifiiie*! until the eloription reacheni 25 per cent., with a carrying load of 25*4 tons a sq in 
It will Ixj »een, hy the test of an elastic samfde of this clwracter for a few inches, thnt a 


irciy 
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large menmire of the elongation is due after the maximum load has been carried, this being called 
the breaking elongation ; while the power to carry an undue load is illustrated by the small 
elongation at the two end inches, as supported by the stronger portions of the specimen that 
are in the grip boxes of the testing machine. 

Tablb II. — Mbcbakioal Tests of Ibon ani> Steel. 


No. 

of 

T«st 

MsteriaL 

Size of 8{>eclmen. 

Permanent set 
induced a 
sq. in. 

Maxim nm strain 
a sq. in. 

Elongation at 
Maximum strain. 

Final Breaking 
strain on original 
area a sq. In. 

} 

Length. 


1 

Ares. 



in. 

in. 

in. 

In. 

lb. \ tons. 

lb. 1 tons. 

per neat. 

lb. 

tons. 

per cent. 

28 

Steel 

10 

2*66 * 375 

1*0 

44,50019-86 

67,000 ’29*91 

15*0 

58,000 

25*89 26*0 

24 


10 

20 

•475 

•95 

43.684 19*5 

62,105 27*7219*0 

52,105 

23-25 24-0 

25 

Stwd 

10 

Channcdled 

•9187543.53719*43’ 62,040 i27*7 

16*0 

55,512 

24-78 21-0 

26 

Steel .. 

10 

Chfinnellcd 

•93125 45,10620*13 

62.281 27*8 

17*5 

55,302 

24-6824-0 

27 

Steel 

10 

2*35 

•425 

1*0 

38.00016-96 

62,000 27*6718*5 

• • 



28 

Steel 

10 

2*35 

•425 

11*0 

38,000 16-96' 61,500 27-4518*5 

57,000 

25*4 

25 0 

29 

Steel 

8 

2*66. *3^5 

dO 

60. 4(»0 26 -90 120.000 53*5714*5 

120,000 

53*57 

14*5 

30 

Iron 

10 

2*66 *375 

!10 

!37. 500 16*74. 57.000 25 4 

14*0 

57,000 

25*4 

18*0 

81 

Iron .. 1 

10 

2*3.5; *425 

lio 

37.50016*74: 55.000 24*55 15*5 

55.000 

24 55 

15*5 

32 

Iron .. 1 

10 

2*38 

. *42 

!io 

35,481 15-84 

45.696 20-4 

5*75 

45,696 

20*4 

5*75 

34 

Steel .. j 

Drilled 

•43751-093 

39,066 17*43 63,677 28*43 .. 

63,677 

28*43 


35 

Steel . . 1 

Piim-hed * 437:1 

1*093 

38,426 17*15 

1 

, 49.040 21*89; .. 

49,040 

21*89 



i 

Punched 1 

i 






36 

Steel . . { 

and 

>•375 

i *89 

.55.952 24*97 55.952 .24*97 

I 

I 

55.952'24*97 



1 

annealed ) 

{ 

; 

1 

i 

1 




37 

Stead 

Puiichcxl *37.5 

j *89 

50.184 22-40! 50,184 22*40j .. 

50.184 

22*40 


38 

Her iron 

10 

, 1 

1 1 

-7854 

36,28716*19 53,476 23*8718*0 

50,929 

22*73 

20*5 

Si) 

liar iron 

5 

1 

1 

1*0 

25,20011*25 43,600 19*4633 0 

29,000 

12-94 39-0 

40 

Bar iron 

10 

•90 *90 

•810 

27,777 12*3 

44,074 19*64 20 0 

29,753 

13*27 2:4*5 

41 

* Kivet Hleel 

5 

4d in. diam 

•3712 

52,262 23*33 76,778 34*27 28*5 

60,614 

27*05 34*0 

42 

: Itivet steel ; 5 



•3712 

.53,34023*81 78,394 34*9918*5 

53,906 

24-0633-5 

43 

. llivet iron 

I 5 

i in- .. 

; *6013 

39,913 17*81 

54,881 24*5 

16*5 

50,7*23 

22*64 28*5 

44 

1 Itivet iron 

! 5 

*» 


! *(5013 

39,91317-81 56,544 25*24 18*5 

49,890 

-22-27 33-0 


No. 29, Tables II. and III., is a specimen of a much more highly carlxinized steel, evidently 
well iidapte<l for the b<»lUnn flanges of girders of biidge^, or for suspension chains of bridges, as over 
several tests a noteworthy fact is that grt^ai uniformity has been proved. 

The otiginal a<'€«t of the sfYt'ciineii Wing oiio 8<|uttre inch, t>ermHnent sed was induced by 26*96 
tons; it cnrriml a maximum load of 53*57 tons, and elongated 14*5 per cent, bt ing an elongation 
e<)ua] to the best boiler-jdato iron, and carrying a loail to induce permatkont set, just about equal to 
tbe full carrying iwwer of the Ixtst Yurksiu.e boiler-plates, thus showing that metal witli about 
half per cent, of (*arboii, 1 per cent, of inunganese, with a low measure of silicon, sulphur, and 
phos|>l)ortis, can be dept*iid<*d upon to carry double the ]o;id of the best wrought-iron plates that can 
l>e prodticod. and with as much dependt^iice as regards elongation. In the drift test of the same 
specimen, being of the same pro}x'»rti»»n as those previously dtweribed, the hole increased 89 per cent, 
in diamoler. The |>ower of this metal hr endure enlargement by drifting, may also he elassitied w*ith 
that of the lM*8t iron l»oilor*plaU^ ; the sb el withstood 89 jier cent., as aguiust 91 J jHjr cent, of the 
drift test of the best Yorkshire boiler-]date of the same size and thiekiu ss. 

No, 30 is a spt$ciinen of liost Yorksliiie lioilcr-plate; b> induce fHTmauent set it required 16*74 
ions, carrying a maximum load of 25*4 tons, with an elongation of 14 per cent, maximum, and 
breiiking loiol Ijeing the ^atue, llic ultimate streleh or elonj^tion was IS |>er cent., or 4 per cent. 
incn4ts«\ BfU*r bt^ginniiig to carry the maxiiiiuin weight. This, like all other plate-iron specimens, 
broke nnder a tnaxiinum load, with a moderate elongation, and with no warning, as compaied with 
mild strcts. 

The eom{K»sitioTi of this metal is stated on Table III., from which it will be swn to be a htgb- 
clfiss iron, by the absenot^ of sulphur, and the small meiisure of phoshnrus, and it is supposi'd to 
contain only tiUuii 2*4 ;ier cent, of cinder. This specimen was teste<l with the grain, or in the 
dtrtK^tion the plate had l>een rolitKl. 

No. 31 illiiAtmtcs a siH'ciinen of best bollor-plale, t**sted in the direction of ^ the grain. The 
com^MMUtion shnws a small measure of carbon. Permanent set was indnceii by 16*74 tons; carried 
a maximum loitd of 2-1*55 Urns, with on elongation of 15J per cent., and then broke down suddenly 
with the full weight. No. 32 is a R|ieciiiien of boiler-plate much used iu Lonc;iahire, that was tesh'd 
with the grain. The cv imposition shows the plate to be mildet than the last, and it has a lower 
measure of alloying ingnHlieuts. Pe.nnauoiit Si‘t was induced by 15*84 tons ; carried a muxitinim 
Weight of 29*4 bms, with an elongation of 6*75 per cent. ; on the load bi ing continued a short 
while, the specimen broke suddenly without further elongation. This plate ought to have carried 
much mortv had it not etmtained aliout 3 ’54 per cent of cinder. 

The specimen No. 34 was pulled asunder, having two drilled holes, and No. 35 is the same in 
every respect, except that it had pimohed holes. 
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The plate with dnlloil holes required to produce permanent sot, through line of the holes, 17*43 
ions a sq. in. of plate left ; curried a maximum load of 28*43 tons, with an elongation in the hole 
of 66-66 per cent., bretiking through without furthi r oliange, with the full weight. The plate with 
the punched holes retiuiretl to produce permanent set, 17-15 tons a sq. in , or about the same as the 
prtHTcding one, but only carried a loa<l of 21 -8& Ions, breaking suddenly through without warning, 
with a loss of 29*8 per cent in strength, and of elongation of 33-33 per cent, through punching. 
This plate was not annealed after punching. 

The drilled plates carry a somewhat higher tensile strain through the line of hole, as a rule, iu 
proportion to the sectional area of the metal left, than a solid section of plate, no doubt, the circle 
of tlie holes, supporting the smallest section through their centre line. 

Numerous experiments have been conducted with a view to nsoertoin the force required to 
punch holes through a given thickness of plate, but without taking cogniAnce of the quality of the 
metal. 

To punch a hole through a steel plate, equal to a sectional inch of detruded area, may be found 
by multiplying the maximura tensile strength, a square inch, by 0 *74, of the same metal, which 
will give tlie force requiretl, the detruded area, meaning the circumference of tlie piiiicli, luiiltiplieii 
by the thickness of the plate. This law may be dependcid upon both for the soft and the hard steels, 
and the total force to punch a hole through a hard plate, as com|iared with a soft one, may he sitid 
to accurately follow the law of its maximum tensile carrying i»ower, so that a strong steel requires 
exactly a propr»rt innate increase of force to punch a hole through a given Uiickncss of plate, as it 
dot's to pull it asunder. 

No, 38 represents a round bar of Cleveland iron, 1 in. diameter, length under test being 10 in. 
Permanent stt was iiiduce<l by 16*19 tons, carried a m ixinium load of 23*87 tons, with an t longa- 
tioii of 18 j>er cent., and finally bn^ke down with 22*73 tons a sq. in., and a total elongation of 2<)*5 
per cent. No. 39 is a specimen of an inch scpiare bar, of a I.ancashiro iron made out of spt'cial 
brands of cast irons, careiully seleeteil from English and foreign productions. The purity of this 
iron is remarkable, as shown by its analysis, whilst its mechanical behaviour was iniiially singniar, 
only requiring to produce permanent set 1 1 *25 tons ; earrie*! a maximum loud of 19 - 46 bins, with an 
elongation of 33 i>er cent., and broke wdth a strain of only 12*94 ton.s a sq. in., and a total elonga- 
tion of 39 cent. This metal K ing teingularly pure, further attention will K- calleii to it, to show 
its great endiu-atice over a large range of wt^rking temperature. 

No. 40 is a specimen of Swedi.>h bar iron tested over 10 in. in length, an»l Hnt'd off intoH<‘pamto 
inches, to further illustrate the peculiar behaviour of a ductile metal. iVrinanent st‘t was prcnliieed 
by 12*3 tons a sq. in ; carriitl a inaxirnum load of 19 *64 tons, having then strelelied 20 per iH-iil., 
broke down wiUi 13*27 t»us, and a total elongation of 23*5 [percent, ilad this bar l><*t n test< <1 over 
a length of 2 in. only, tht^ total f'loiigation would iiio,«.t prol^bly have K-en registennl by the two 
middle incht's where the bar ]utlled asuinler, which strrtcheil in theinstdves 46**25 pt-r cent., wldltj 
the two end inche'^ only clongatetl 14*5 per cent., thus showing that the two inidille inches streh-licd 
31 *75 per cent, more than the twoeiul inches, and 22*75 j>er cent. nn»r<* than theaventgi- of tht' whelo 
10 in. Besides, that an undue elongation must be re<-onled with a shoii .•^]»er*iijten. it i^ inert' than 
probable that a iiiucli higher strain wouUi have been carrietl K-fore the innxiiniiin Ituul wa.n attained. 

The 10-in. length was atlopted by Adamsrtu with a view t4) nentraliz«» the extreint' eloiipition 
caused by what is now pronoiinctHl as the breaking elonpition, K-sidc's with a moderate length there 
is a greater probability of an acenmUj rt corcl la ing seciirt'tl of the exact carrying |>ow'cr of the metal. 
The 10-in. length al»> gives facility for a simple division into one hiitulrt'ci parts, and liy fixing a 
8cah3 on the testing machine the elongation jht cent, can be easily and accurately read off there- 
from. 

Nos. 41 and 42 are illustrations of |,^-in. mild sk'cl bars largi'ly Used for riv<ds, and is of K»ihT- 
plate tyi>e of metal, but with more work put U|>fm it to make into liars; No. 41 retpiin'il 23*3.3 tons 
tojirt^iuce permanent set, carrit^<l a njaximtiiu load of 34*27 tons, with an elonpition <»f 28*5 |ier 
cent., finally breaking with 27'0'j tons a sq, in., with a total elongation of 34 p« r (-i rit. on the 10 in. 
length. No. 42 required 23*81 ion.H to induce la rmanent wt, c;irrie<l a maximum load of 31*99 
ttais, with an elongation of 18*5 p» r r-ent., breaking down with 24*06 kms, and having a totil 
elongation of 33*.”) |»er cent., showing a very great diffcrc'iice to exist in the itowers of eiidnnince 
between the carrying kxid of a mild steel and a cf>iii|)aiatively pure wrought iron, yet tiie steel 
elongates nearly as luneli as the soft metal, illustrating in every" way the grcuU'r {K>%vers of endur- 
ance of a mild cast steel or ingot iron over a puddleil pure wrought-iron Kit. Nos. 43 and 4 I arc 
sf ecimens of ;-in. round livet iron, siHM-ially made. These were tesleil in the same way as the pri^ 
ceiling. No. 43, requiring to pnaince pennaneiit iwt 17*81 tons, chithmI a maximum ksid of 24*5 
tons, with an elongation of 16*5 jst cent., and a final breaking loa<l of 22*64 tons a sq. in,, with a 
total ehingationof -iS'o fser cent. No. 44 ref|uir<Hl 17*81 tons to produce pcirmanerit set, rarri* d a 
maximum load of 25*24, with an elongation of 18*5 per cent, and a breaking load of 22*27 tons 
the total elungathm being 33 p«.-r cent. ’ 

Tin sc bars are .shown to Kj comparatively high-class irons, fiosHessing a moderately full tmisile 
strength with great elongation ainl etidtiratK'e, and such iron is a very siifw nii tal for rivet purpose's. 

Ill attempting to weld steel Kiiler-plates, it isneoc^ary to ascertain the eoims>sttioi] of tin? metal 
K'fore putting any laKiur upon it, and it is desiiahte that the carlion should not excerMl ‘th of a 
per cent., while the sulphur and phosphorus should if possible K* kept as low as *94, siltcon K ing 
admissible up U> the extent of a of a jjer cent. Further experience is yet required to ascertain 
what exact corn | position gives the rarest satisfaemry results by welding. At prese nt some preference 
may he gi\en to the Martin 'Siemens class us compared wiiJi Bessemer metal, when Kdh are of about 
the same* chemical com position. 

Few or no malleable metals, such as wrought iron or mild steeK, can bo found in the open market 
that possess a range of endurance at all vanring temfieraturos, say from cold up to re<i heat, but 
nearly all ordinary bar or boiler iron and mild steels will endure cousiderable pereusstvo force when 
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cold, and up to 450° Falir., after which, as the heat is increased, probably to near 700°. they are all 
more or lesa treacherous and liable to break up suddenly by percussive action. The poorer class of 
metals at this temperature, which may be called a colour heat, varying from a light straw to a 
purple and dark blue, are simply rotten. Some of these peculiar properties are illustrated by a 
serits of tests of various qualities of metal. 


Table III. — Chemical Composition of Test Pieces, Table II. 


No. 

of 

Te^t. 


Material. 


1 


Fc. 


Mn. 


SI. 


P. 


Cu. 


0 . 


*3 


2:i 

24 

25 

26 

27 

28 
26 

30 

31 

32 

34 

35 

36 

37 

38 
36 

40 

41 

42 

43 

44 


Bessemer class of mild steel 


8ubcarl>onlzed class of mild steel 

1* ** It • • 

B< sseiiter medium liard steel 
Spcriul class Yorkshire iron .. 

Best best boiler-plate 

Best best Bhrophhire boiler-plate 
Martiii-Sieiiicns class of mild stool 

tt tt tt 

Bessemer class of mild steel 


Clevt-land Isir iron .. 
Kpt'cial class bar iron 
Hweilish bur iron .. 
Mihl rivet steel 


SiKH'iul class riv<*t iron 


199 

99 

99 

199 

99 

99 

'98 

,98 

99 

98 

99 
,99 
99 
99 
99 
-99 
99 
99 
99 
99 
98 


3 1 018 
057 0*082 
057 0*082 
057 0*082 
397 0*180 
397 0*180 


0*468 


10 


4 i 0*410 
9 * trace 

2 i0 04 
8 0*045 

254 0*220 
254 0*220 
057 0*082 
16 0*065 
trace 
0*023 
0*04 
0*12 
0*12 
trace 
trace 


0 

8 

8 

25 

25 

49 

9 


0*68 
0*68 |0 
0*68 iO 
0*284 0 
0*284 10 
1*080 0 
0*18 0 
0*17 0 
00>6 0 
0*432 0 
0*432 0 
0*68 0 
0*61 
trace 
, trace 
0*14 
0*49 
0*49 
010 


0230*031 
005 0*100 
005 0*1001 
OOSOlOOi 
042 0-007 
042 0 0()7'0 
055,0 -031 '0 
13 * nil iO 
15 0*03 10 
186 0*012:0 
011 0*041:0 
on 0 04lj0 
005 0*1000 
005 0*084 0 
1490*0140 
0370*0130 
04 0*02 ;0 
02 0*08 0 
02 0*08 !o 
19 0*02 0 


lo 


0371 .. 

056 0*02 
056 0 02 
056,0*02 
090! .. 

090' .. 

051 trace 
03 i .. 

21 j .. ;o*20 
208 0*005 0*658 2 
042 .. 

042 .. 

056 0*02 
056 0*02 
309 .. 

0.33 0*003 0*091 

03 i .. 

04 j .. 

*04 


80 

63 


I 


0*125 0*196 trace 0*211 


nil 


Table IV. — TotPEUATi RB Tests, 


Sl*<‘ t 'f S|jK'ciiii‘ n. 

^ Material. . | S 

® ' 1 i i ‘ ■ 

<f S t 3 t 

5r. J fis * H 

i 1 -5 ' ' § 

i ’ .*5 1 : f 

IVriniiii.nt Set M.xinmm Simln t f , ' 1 

.!*,u.reUcU., . Squ.re lech. : 1 1 , 3 

i ! ill! 1 1 

_ j ■ Xf! , 1 i- 

in. in. in. 

47 Bar iron . 5 1 diameter 

48 Steel .. 10 2*66 *375 

49 „ .. 10 2 06 *485 

50 Liar iron ; 5 1 1 

i ' 

ill. 

•994 

1*0 

1*0 

1*0 

lb. Icdi^ 1 Jb. } tona. fwrt’trnt. lb. tona. ipf-rcvitt. 

35,000 15*62 56,000 ' 25*0 20*0 51.500 ! 23*0 27*0 

36 , .500 1 6 * *J9 62 , 000 27 * 67 19*0' 52 , 500 23 * 43 30 *0 

34,, 500 15 4 59,500 26*56 16*5 50,500 22*54 27*0 

26,500 11*83, 44.000 19*64 24*0 28,500 12*72 34*0 

Table V. — CitEMieAi. Composition of Te.st Pieces op Table IV. 

No. 

of ' Material. 

Teat. 


re. ! 

C. Mn. Si. ^ S. j P. j Cinder. 

47 Biest morclmnt iron 

48 ; StilK'arl ionized clasa of mild stiel .. 

49 Martin -Siemens clu«s ot mild steel 

50 j SiK*cial class liar irm 

98*389 

99*38 

99*22^4 

99*8 

0-06.S 0-204 0-206 0-018 0-ai4 , 0-S80 

0-170 ; 0 296 0-042 0 009 0 104 . .. 

0-200 0-500 j 0 009 ' O O.HS O O.'l-l i .. 

0-023 ; Trace 0-037 ; 0-013 0 033 i .. 

1 i i ‘ 1 


The ordinary m4T(‘hant iron. No. 47, shows that it may be bent cold or may be bent re<i-liot 
without signa of breakage or much distress. Nos. 47, 48, and 49 eiulure this bending teat when cohl 
and when rtHi hot, but at such a heat os can l>o induoiHl by placing the metal into a hath of Ixdling 
tallow regisU ring a 1etn|M»ratiirc of about 610° Fahr., these metals brtMik through by being bent, 
lost^ most of tlndr malh^ability, and suap off short under the action of the hammer. 

The same iiiiiv»rtunaU* eltmieiit is exliibitoil by the mild class of Bessemer and Martin-Siemens 
steel, with ihlH different'© that they bond better coltl, and rntw t'asily when hot, hut l>oth break up, 
by |)«*rcuiwive action, at the medium t€'im>eniture before named, the Mart in -Siemens emhiriug some- 
what iHjtter than the Bessemer class under those tests. 

No. 48 IS a mild Bessoiiicr metal, and 49 a mild Martin-Siemens metal; 50 represents a very pure 
wrong!) t iron. 

All the mechanicirl properties of these metals and their chemical oompoei lions are shown by 
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Tables IV. and V. It will be seen that the t^st iSo, 60, not only bent well cold and red-hot, but 
also at every intermediate heat at which the merchant iron and the mild steels failed. 

Adamson is of opinion that no metal, containing much above a trace of sulphur, can endure 
bending at this colour heat, while, at the same time, the phosphorus must be low ; in fact, such 
endurance can only be obtained by a comparatively pure iron unalloyed by other ingredients. 

The mechanical power of No. 50 may again be referred to, tliat it only sup^rted 11 *88 tons to 
produce permanent set, carried tlie low maximum strain of 19*64 tons, but by this force it had 
elongated 24 per cent., yet ultimately stretched 84 per cent., and broke with 12 [72 tons to the sec- 
tional inch of originiil area, clearly establishing that with a comparatively pure iron to secure ^reat 
ductility and malleability we can only have a low carrying power. This is the same class of soft 
pure iron referred to when No. 39 was described. 

The results, Table VI., were obtained by U^sting by corrosion three pieces of iron, and one 
medium hard, and one soft steel plate, in a water bath oontaining 1 per oeut. of sulphuric acid, 
for a period of seventeen days. 

Table VL — Chemical Gomfositiok or CoanoaivE Tests. 


No. 


i 


1 





of 

Material. 

! Fe. 

C. 

Mn. ' 

Si. 

S. 

p. 

Cu. 

Tt«t, 

* 


{ 





53 

Common iron 

.. . 98-8 

trace 

trace , 

0*177 

0*008 

0*523 

nil 

54 

Tudhoe crown iron 

.. ; 98*90 

truce 

trace , 

0*107 

trace 

0*217 

nt 

55 

Tudhoe best b^t iron .. 

.. 1 99*00 J 

trace : 

0*216 ' 

0*111 

: trace ' 

1 0*165 

nil 

56 

Medium hard steel 

.. [ 98*40 ; 

0-.330 

1 008 * 

0 065 

0*022 

i 0*075 

trace 

67 

Bessemer class of mild steel 

.. 99*354 , 

0*115 1 

0*604 ' 

0*055 

0*028 i 

1 0*037 

trace 

58 

1 Pure iron 

1 

.. ’ 99*900 ' 

; i 

nil 1 

nil 

! ; 

r slight 1 
[ trace | 

1 slight y 
1 trace / 

0*040 

nU 


The specimens subjected to test were 2 in. square by | in. thick ; the loss in weight by corrosion 
was recorded every twenty four hours. 

The common iron, No. 53, in sc'venteen days lost 79 per cent, of its total weight. Tudhoe 
Crown iron, one of the brands of the Weardalo Iron and Coal Oi.'s boiler-plates, No. 54, bod a 
los.s in tbe same time of 46*4 per cent. Tudhoe best best boiler-plate, No. 55, lost in seventeen 
days 34*7 per cent. The medium hard Bessemer No. 56 steel lost in seventeen days 13 per cent., 
while the soft Bessemer metal. No. 57. only lost 4*8 per cent. Attention may be called to the fact 
that the metals, according to tlie impurities of their composition, lost mi»6thi the least time. 

On tlie second day the soft steel had lost considerably more weight than the hard steel, but at 
the end of the fourth day the hard and the soft steel had lost about equal degrees. From that 
period, however, on to th<^ seventeenth day the soft steel. No. 57, did not lose as much as the hard 
metal by 8*2 per cent., and 74*2 per cent, less than the commonest iron in the sariio time. 

In the diluted sulphuric aeid bftth the evidences are quite clear in favour of mild steel and the 
purest iron to resist corrosion, but befure as much can be said as to the indiience of sc*a or salt watcr^ 
a m*»re extended and atreful series of exfK'rimeiits ore required. 

There can lie no doubt that the me<iium hard class ot steels, fossessing double tbe strength of 
the )>r'8t wrought iron that can be made, ought, without exc«'ption, be npplie<l to thci pur|H>se of 
bridge building and a vuiicty of other similar structures. Up to this it has hardly found a place, 
and has bad no considertition in pro|:>ortiori to its excellency and intiinsic value. 

The strength of a wrr»ught-iron plate ia seriously reduced when pullcnl asunder acroas the fihrB 
in proportion to the quantity of cinder it contains. This unfortunate principle dm^s not so much 
afiply to bar iron, as the mixed cinder is rolle^l inhj strmks or in |Uiralli 1 lines with tbe Iwir, only 
slightly disturbing tiio tensile strength of the iron when it is subject to a strain in one dire'cUon, 
hence a combination of good pig irons may l>e used and manufuctured into plate iron, but the gtxxl 
material be s[>oiled by having h>o much cinder alone left in the iron, always robbing it of tU 
strf ngth and endurances in one direction to resist a working load. 

Cinder as ineci<aiii<'ally mixed with wrought iron can be well seen by planing and polishing 
the treni of a wrouglit-iroii rad ; the cindca* is tfien shown to foim disruntive lines in the dirfiction 
of the length of the rail, and when put Ui work under a heavy rolling hwd, the iron brealni down 
laterally for want of cohesion, arising fiom an interfKmition of earthy matter. 

Tbe i»urity and superiority of a steel mil is made clear by subjecting it to tbe fuime treatment. 

The test of the pure iron, Tables IV. and V., clearly indicates a low carrying {K>wer, but it is more 
than probaVile that such a metal, if worked down into thin plates, might be used in a large nicasuro 
as a suh-stitute for copper plates in the fire-boxes of locomotives. 

Ordinary* merchant or Btaffordshiro iron, or a Cleveland Imr, although only possessing a very 
small power to resist percussive force at a cohmr hcjat, yet is much Utter adapteif for the purixise 
of a chain cable or a rod to susf>end a steady load, and though comparatively impure as iron it 
fios^ses a much higher tensile stn ngth than the purest wrought iron fouml. ’ 

The strong metals that will carry tbu highest tensile strain and possi ss great resisting power 
must bf‘ carefully treated in tbe manufacture, or the whole of its advantages may be turned to 


Tlio colour heat teats ought to bo impeasod upon all workmen to provoot the luuuBMvinv of 
nictal. wlien halt cold, or the heating of iron by red-hot iron for some final ndjuatuiont • where 
hammering u rrauired it would be a better and Winer policy to only beet the iron with'boll^ 
water, or by applying ateam egunet the rarface a abort time. “** 
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^ Finishing forgings or smith's work by hammering nt a black heat at all times proves highly 
injurious, unless great care is afterwards used in annealing, and it is questionable then whether the 
full measure of strength of the metal in many cas^ s is ultimately restored. 

This dangerous temperature can also be produced by allowing engine fly^shafts, railway 
carriages, axles, and such articles to become hot, and boil off the gr« ase or tallow, or for want of 
lubricants attain a temperature at which they are most liable to break down. In all such practical 
operations the work should be stopped and tne metal left to C(xjI. 

In the case of steel fly-shafts, tlie cooling of a hot neck by water has a tendency to split the shaft 
in the journal nud produce transverse cracks, so that when afterwards put to work these cause 
it to break down disastrously. 

The strength of the purest iron, no doubt, is seriously interfered with at about 600® of heat F., 
and espeoinlly its power to resist percussive forces in what way the cohesion of the particles are 
dtsorganixe<i at a temperature midway betw(*en a cold bar and a moderate working red heut, m»y 
not he easy to describe. Buch, however, being the fact, the gn atost care should be exercised in all 
such ordinary practical operatioiia 

In dealing with certain matters aflectiiig Ihe use of steel, E. Marche, of Paris, re-marks in the 
Journal of the Iron and 8te<d Institute, 1878, tliat, with tlie exci ption of cnr)x>n, the other sub- 
stanc4;H, such as manganese, phosphorus, and silica, do not afford us, despite all the expei iraenls made, 
any exact notion us to tlu ir respective action <m some of the pro(>erties of steel. Moreover, and 
with niference to the determination of the conditions under wliich the experiments should }>e con- 
ducted, then? strll prevails the grt atest uncertainty, on account of the difficnlty of establishing 
exai^tly the relation lietween the results of, for example, a traction experiment and the effects 
priKhiced on ihtt same metal by flexion, tension, i»r crmeiissum. 

If, when grouping b>getlier the thousands of expesriments iiia<le in various countries by different 
cxperinieTltall^ts, and on steed produced in various works, it has l>een hitherto iinpr>sMihle to attain 
to any eonflrmatiun of the laws coTineciing the physical ]»rop<.‘rtie8 of steel, and admitted in the 
classiflcation of the estahlishrnfjnts or works proilu<*ing that article, laws, however, which many 
consider as having been prematurely admitted, that im[)os^ibil^ty may be chiefly Httrihuted to the 
fact that th(»se experiments do notall<»w of any direct comparison, and that, previous to an analysis 
of those results, it would bo necessary to make some corrections, in order Ut eliminate the coin- 
plicate<l causes whicii affect them, the experiments not having been conducted under strictly 
analogous conditions. 

The results <if theVexporimonfs of natural philosophers, say in regard to density, are referred, 
by w’ay of correction, to a like atmospheric pressure and to a like teuq^eratun* ; but all those ex- 
{Mtriments should be referred U» a similar form and size of sample, to a similar degree of elaboration 
of the metal, to a similar molecular con«lition, and tlie like. 

It must be admitted, however, that th<»se corrections are very difficult to make, and that, in 
every f)oint of vi«‘w, it would bt^ preferable to bring about a geiieml understanding between the 
exp* rimentalists, as to ihe conditions of conducting everywhere experiments cat>ahle of undergoing 
a direct comparison. 

The first difficulty met with in emdeavouring to compare the experiments made in different 
oonii tries, is the varying systems of measurt* nt. 

When one has to proceed to the investigation of the physical properties of pieces or samples of 
steel handcHl to an ex{>erinienturtst, it would l»e necessary for him to know, in the first instance, in 
order to determine the iinture of the experiments to which those pieces or samples are to be sub- 
jectcxl, whether the object in view is to study the nature and general qualities of the steel se, or 
to ascertain how it would act under certain given applications. 

Ill the former case, it would be always necessary to test previously by traction the cylindrical 
or rectangular bars of the section and length to be determined on. 

In the latter case, the; system of cxptTimeiits would depend on the nature of the application 
itself, and, generally speaking, the flexion and the ** shock ” (concussion) at the flexion will form 
the most usehil te^sts. 

We shall commence by examining the conditions relative to the traction experiments. 

In subjecting to a tensile strain a steel bar of given section JH. and of length 2, the facts to be 
observed and the quantities to be determined — if a complete experiment is to be made — should be 
the following : — During the period of perfect elasticity, the observation of the momentary elonga- 
tions under given loads will allow ns to deterniiuc ihe co>effioient of tlie mo<lulus of ehisticity, K. 
When ihe elongations cease to be in proportion to the loads, then the limit of elasticity is attained, 
load iier unity of section, btyond which permanent elongations are produced, L. The charge or 
load to incream until the nipttire is prixiuced, under a charge for each unit of section, B. The 
two portions of the broken red are brought together, and the total length is then measured, 
deducting tlierefrom the original length ; the final elongalion nt the rupture is then ascertained, 
and it is generally expressed with regard to the original length by percent., A* Then measure also 
the section t^cn by the rod at the |H>int where the rupture has occurred. The difference between 
the original section and tlie mptiired section is called by KirkcuMy the contraction, expressed in 
so much per ceut, of the original section, but we prefer explaining this nhenoiiienou of the contrac- 
tion of the rupture section by the ndatiou which the contracted section bears to the original section 
— tlint is Btriction^ X. By dividing the total charge which produced the rppture, not hy the primitive 
section, but by the contracted section, wo have the resistance for each unit section broken, F. 
If, In a great number of trials, wc are content to determine the diverst* quantities above mentioned, 
it is novertlieless necessary, in onler to have an exact and complete^ knowledge of the nature of any 
steel, to observe, in addition thereto, the permanent sneoessive elongations made by the liar under 
trial, under increasing charges, from the one corresponding to the limit of elasticity to the charge 
of rupture or breeding load. 

The manner in which these elongations vary, with the excess of charge on the limit of 
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elaBtioity, is ordinarily represented by the aid of a graphic diagram, which gives tlie curve of the 
elongations and allows of the measurement being made of the work of resistance to the rupture, of 
which we sliall speak hereafter. Finally, it is useful, in order that the test may be coniplele, to 
describe the exact form which the bar presenteii aft^ the rupture, so as to observe how the 
elongation was divided, and what is the exact position of the rapture section. 

Coefficient or Modnlns of EUisticity^ E, — The modulus of elastioity is the relation of the charge to 
the elongations produced during the period of perfect elastioity. It is constant during that perioii. 
In France that relation is expressed in kilogrammes to the sectional square metre, and in England 
in pounds on the square inch. 

The investigation of this coefficient of elasticity for castings, iron and steel, has given rise to 
numerous experimeuts, and the figures wliich have been arrived at aro so unlike that they cannot 
be brought together and compared, in order to ascertain whether, in the spc^eial point of view 
which we are now taking np, namely, the properties of commercial steel, we could account for the 
inilnenee of the composition and of the. purity of those steels by the manner iu which they act 
during tlie period of perfect elasticity. 

The modulus of elastioity is genmally admitted at — 

For castings 10,000,000,000 

,, iron 2(),000,fK)0.000 

„ steel 20,000,000,000 

According to Redtenbacher it varies — 

Iniroufrom .. .. 14,951,000,000 to 24,988,000,000 

„ steel „ 20,020,000,000 „ 23,975,000,000 

According to Reuleaux — 

Iron in the form of bars or wires 20,020,000,000 

„ in thin plates 24,010,000,000 

Cost iron 30,005.000,000 

Other kinds of steel 20, 020, 000, 000 


According to Kiipffer — 

Flat iron, in the sense of rolling 17.022,000,000 

,, in a transverse sense ll>, 140,000,000 

,, English rolled 20,010,000,000 

,, „ forged 20, 232,000. 000 

„ Swedish 21,341,000.000 

Soft cast steel 21,330,000,000 

Reimscheid steel 21.1013 * 00 , 000 


Rosset resumes, as follows, the numerous experiments made by him on the materials used in the 


manufacture of cannon — 

Castings, cannon 14,354,000,000 

Iron hoop, grained, Peter Gaudei 20,000,000,000 

,, steeled 20,934.000.000 

Krupp steel, natural state 19,700.000.000 

„ „ tempered in oil 20,714,000,000 

,, cannon steel 20,9(>9,00<i,<JOO 


We now give the value of the modulus of elasticity resulting from the traction trials mnile hy 
Knut Styffe — 

Tpnour of 
Csrlx^n. 

I*cr C< nt. 


Bessemer forged steel of Hoglx) .. 

9> »» 

»» >1 

» » »» • • 

Wikmanshyttan ,, 

Krupp ,, 

Puddled rolled steel of Surahammar 


1-20 
J05 
01 
0J5 
1^22 
0 01 
0-5G 


L.OW moor puddled iron 0*20 

Dudley ^ 0*09 

M n 0*09 

Motala „ 0*05 

M „ 0*20 

Surahammar „ 0*14 

„ « 0*20 

Aryd rolled iron 0 * 07 to 0 * 08 

M « 0*07 ,,0*08 

Hollsiahammer rolled iron 0 *07 


0*07 


21.177.000. 000. g 
2i,5l5,«^00,0tK> P 

22.721.000. 000 

24.072. 000. 0001:= ® 

22,0tfi, 0<M>.000, 
21.0:tt,(lHM».0l>0' e* 
22.480, (HKI.UOtlV 
l&,»72,OU0,0ii() 
l»,29(!,0(H).0iH» 
21,274.0<M»,O(K) g 
20,7i*l.<KK>,000 o" 

21.858. 000. 000}S 
21,418,(8)0,000! rf 
18.Hi:i.OOO,<M)0 w 
l'.),.'i37,000,000 S 
20,3.'i7,000.o0o| 
2l,«00,000,000j 


Tlicg« trials alrea<ly show ns that ih« itifluonce of the quantity of carbon is nil in the clastic 
elongations produced by tlie same changes or hauls; the ooeWdoiit of elasticity of sh els eontuininr 
iiior.' tlian 1 per rent, of carbon is not superior to that of the irons of Hotula. tiuruliauuiar ^!a 
others, which only contain 0 07 to 0-2. -nuuar, aud 

When it is prored, on the other liMid, that the least variations of the quantity of carbon 
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completely modify the data of the permanent deformation, one cannot but be struck with the fact 
that during the period of perfect elasticity, the momentary elongations are independent of the nature 
of the metal. They appear to be modified only by the purity of the metal, and by the degree of 
work to which it iias been subjected. 

The trials or teste of Bauschinger on a scries of Temitz steels are more conclusive in that 
resj)ect, because thc'y have been moiie on products of the same origin, only differing with regard to 
the quantity of carbon, and tested under the same form. 

On the tensile test, Table VII., those steels, of which the quantity of carbon varied from 0'14 
to 0 * 96, gave ; — 

Table VII. — Tensile Tests of Steel. 


Quantity of Carbon. 

Limit of Elasticity 
a MM. 

OiefflcleDt of Etastitity. | 

E ! 

ou 

K. 

29 50 

22.550.000. 000 

21.700.000. 000 

019 

33*10 

0-46 

34*50 

22,550,000,000 

0-51 

34*05 

22,100,000,000 

0-54 

34*90 

21,-550,000,000 

0*55 

83*00 

22,200,000,000 

0-57 

33*10 

21,000,000,000 

0*66 

37*45 

22,450,000,000 

i 0*78 

37*50 

24,700,000,000 

1 0-80 

40 05 

21,500,000,000 

1 0*87 

42*90 

21,850,000,000 

i 0*96 

48*70 

1 21,750,000,000 

j 

General average 

.. 22,200,000,000 


Tiio experiments made at Woolwich in 1870, by a committee of civil engineers, resulted, for 
steels of various works, in the limit of elasticity varying from 26 to 42 kib>8. and tlie quantity of 
carbon of 0*30 O llO per cent., an average coefficient of 20,627,000,000, the minimum being 
20,160 and tbo maximum 21,060,000,000. Some irons tried under the same conditions gave 

20.032.000. 000. 

From all those results, one may conclude that the coefficient of elasticity of steel, whatever 
may be its hardness, varies only fiHiin 20 to 22,000,000,000. 

Looking at these tests in a practical )K>iut of view, we may come to the conclusion in regard to 
the rcfsults, that although in some i»arlicular coses, for example, in investigating the action of 
mutiguiiese and phosphorus, it would not bo unimportant to deduce some facts relative to the 
motlulus of elasticity ; nevertheless that part of the tension tests may be in genenil dispensed with, 
as being the imist delicate, the longest iu duration, and, on account of the great lengths of rod or 
bar reijnired, the most cxp^•ll^ive. Consequently, the experiments may be made on short lengths, 
and a larger nuinlKir of i^ts obtained, w ith the same quantity of steel, within the like given time 
and at the like expense. 

The experiments made by Bauschinger on the steels of the Beschitza Works, Hungary, 
demonstrate how'much attention ami time would have to be devoted for determining certain points, 
which ttfUT all throw no fresh light on the proiiertit*8 of the st<x‘l subjected to the experiments iu 
qu(‘8tion, inasmuch as with rcstiecl to all those steels, differing considenibly as they do in regard to 
Oie quantity of carbon, the modulus of elasticity is comprised between 22,400,000,000 and 

23.000. 000.000. 

Wc may at once state that BauschingeFs experiments on the Ternitz, as well as on the 
Keschitza atec^ls, demonstrate likewise that tlie modulus of elasticity is the some, whatever may be 
the hardfu'ss of the steel, at compression and flexion, and that it is represented by the same figure 
as the cneflicient of elasticity at the tension test. 

Limit of EUtsticity of SUeL — If, during the period of perfect ehisticity, the elongations are in 
profioriion to the loacis or charges, and disappear with the actiou of those loads, the limit of 
elasticity is the e(|uivnlciit of the last charge producing that effect; aud under a heavier load than 
that limit of elasticity there is a permanent elongation. 

But if there be a concordance of opinion with respect to the existence and ilefinition of that 
limit of elasticity, it is otherwise with regard to the fixmg of its value, for, however exact and 
oi^rrect the instruments employed, it is difficult to determine the precise moment at w^hich the state 
of perfBot elasticity passes to that of permanent deformation. More correctly speaking, tlie precise 
moment iu question does not exist with reference to experiments on steel rods, bec'auae, iu }K)int 
of fact, there is a |)eriod of break of elasticity, during which oi^rtain portions of the rod or bar 
undergo permanent elongations, whilst other portions resume their original length. 

On account of the uncertainty attending the phenomenon, it is necessary to establish con- 
ventional rules for determining the limit of elasticity, and as those vary which ore adopted by the 
various experimentalists, it results that tlie limit of elastieitjr observed in respect of the same kind 
of bar of the same length, say iu England aud in Sweden, will not be the same. 

It is true that Wertheim aud other experimenters agree iu considering, as the limit of 
elasticity, the load or charge that produces a permanent elongation, equal to the 0*00005 of the 
origins! length, in other words, and with rmerenoe to a bar or rod of 1 metre, a permanent 
elongation of five hundredths of a millimetre; but, on the other band, so feeble an elongation is 
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considered, by many experimenters, as the possible effect of accessory causes, and they are of opinion 
that we cannot admit tliat the limit of elasticitv is exceeded until such time as a more clearly 
defined permanent deformation is observable, and the extension under heavier loads testifies to the 
reality of the phenomenon. 

These considerations have led to the following^ special definition by Styffe ; — 

^ If an iron or steel bar be j^radiially extended by successive loads, wliieh at first are so small 
that they occiision no i>ermHnent elongi;ation, but are gradutiliy increased, and are always allowed 
to operate for as many minutes as each additional wetju^ht is per cent, of the entire load, then the 
author reg^ards ns the limit of elasticity that load by which, when it has been operating by successive 
small increments os al»r>ve described, there is prc^uced an inert^ase^ in the permanent elongation 
which bears a ratio to the length of the bar equal to 0*01, or approximates most nearly tc» 0*01, of 
the ratio which the increment of weight bears to the total load.'* 

Styffe adheres to the opinion that the limit of elasticity cannot be considered to be attained until 
we can ascertain exactly and measure the detcrmineil increments of the permanent elongation ; 
ho furnishes some estimates of the limits of elasticity considerably higher than those given in 
Wertheim's definition. 

The loliowing arc a few examples, Table VIII , taken from the tabular data of Styffe ; — 

Table VIII.— Lxmit of Elastiotty. 


MatcriaL 


Puddled iron of Motala 


*» 

,, ,, .. .. .. .. «. .. 

Puddled iron of Middlesbrough-on -Tees 

j* ♦* 



,, ,, .. «• .. ». 

Puddled iron of Dudley 

t* »» * • • • 

Oast steel of Wikmansliyttan (carbon 1 * 22 per cent.) . . 

»» *» 


Limit of Elaaticity. 


Accordiog to tlis 
dii>8nltit^ of 
Wenbeira. 

Aci'ording to tb« 
(Jrfifiltiun of 
StyfTti. 


K. 

K. 

under 

lfi-7 

20*8 


15-8 

21*0 


14-5 

18*8 


15-3 

18 8 


200 

22*(; 


19-3 

21*2 


20-5 

23*5 


24*1 

24*8 


10*5 

19*9 


10*8 

20*0 

about 

28*9 

51*3 

»» 

28*9 

51*1 


The difference is from 3 to 4 kilos, in irons, and amounts to 22 kilos, in the %*ery hard steel of 
Wikmanshyttan. 

These figures show the necessity which exists of arriving at a mutual agreement as to the 
fixation of the limit of elasticity, ant! how imperative it is. in all cases, that, in the publication of 
the scries of trials, tlie method of estimating that useful value should be pointei! out. 

The value of the limit of elasticity is, in point of fact, the primary manifestation of the dt’^g^ee 
of hardness or of malleability of a steel, and in many cases the basts of calculation of the dimensions 
of tiie pir<5es. 

As, moreover, we have seen (bat tests on short liars are to be preferred, and Uiat on short harm 
the definition of Wertheim cannot be applied, whilst, on the other hand, the definition of Htyffo 
appears to give too high a quotation of figures, one can sf?e what inWrest would lie nttac'hiHl to a 
plain agreement on the subject, easily formed and adapted to the tests of shi rt bars. If all the 
tests were maiie on bars of the ^-ame section and tif the same length, 0 - 15 or 0*20, for example, they 
could lie proceeded with as follows ; — Increase the ciiarges until a permaTieiit measurable elongation 
is pnxluced, one-tenth of a millimetre at least, then increase the loiul by a fixed quantity repremmi- 
ing 1 or 2 kihis. per square millimetre ; ol>serve a second permanent elongation, and infer tlicrefr'm 
the value of the limit of elasticity by admitting that the two elongiitiuiis are in prf»pf>rtioti to tlio 
excess of the charges or loads on that limit of elasticity. If P is the charge which produces the 
first elongation i, and »' is the second elongation produced by the charge P', we have 

» P - D . , Pi" - p% 

“7 W DOTICO Xi 5^ g w * 

* — L I — • 


Jiesistaitce and Elofiffaiion.^Theae two qualities are determined in all the experiments; they 
serve as a basis for the classification of the works; and it is generally admitted that a steel is 
defined by the two values, R and of the resistance to fracture a square millimetre of the 
SfHstional area, and of la rmauent elongation on fracture expressed in hundredths of the original 
length of the broken rod. ^ 


But, in order that thU definition may be sbsoluUdy correct, so that one can find, in the ratio of 
the two characteristic values, resistance and elongation, the elements of a rational appreciation of 
the nature and quality of a steel, it is indispensahle that the value of result from the tesUiig of 
bars identically alike as regards section, form, and l«;ngth. ® 

It is found in every series of experiments made ujion mteeU of variable hardncM that the two 
values of B and ^ vary inversely, the elongation diminishing as the resistance increases, and tltai 
It IS possible, in p^nce of tests carried out on steels of the same origin, to find a siiiude and 
sufficiently approximate relation between these two qualities. ^ 

When it is desired to represent this reUtion with the aid of a curve, taking the resisUnces as 
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Abscissa and the values of A as ordinates, lines are obtained which differ but slightly from straight 
lines, inclined to the axis of in the ratio of 1 to 2, so as to afford the general relation. 

B + 2 A = a constant a. 

But it is easy to prove that for the same steels the value a of the sum E + 2 A will not be the 
same if the tests be carried out upon samples of different form and length. 

It is well known that the elongation on fracture A, which is the ratio of the elongation 
product^ to the original lengtli, is so much greater as the rod is shorter, on account of this well- 
known fact, that the different ports of a rod ore not elongated equally when permanent deformation 
takes place ; that the portions near the points of attachment become less elongated, and that the 
region in wliich fracture takes place, accompanied by a reduction, more or less appreciable, of 
the cross*sectioD, is subject, on the contrary, to an elongation much greater tiian the mean 
elongation. 

But if the necessity of adopting one and the same length for the test bars is acknowledged by 
all experimenters, no uniform opinion has hitherto prevailed as to the choice of this length, each 
one proposing the adoption of the type which be has hitherto employed. 

On the other hand, we think that the importance has not b^n sufficiently insisted upon, not 
only of measuring the elongation of rods of the same length, but also on bars of the same form and 
section. In a word, the tests must be carried out, if not on pieces identically alike, at any rate on 
such as are similar in the mathematical sense of this word. 

If this condition had been fulflHed in the numerous experiments published, we should certainly 
be in a position, on analyzing the variations of the value B 4- 2 A« to form an exact appreciation of 
the effects c.er(alnly produced on the relations between the resistance and the elongation, by the 
mechanical strain undergone by the metal during manufacture, and the presence in the steel of 
other ell ments than carlx)n. 

The carbon increases the resistanoe and diminishes the elongation ; this is a proved and 
nnoontested fact ; but it is questionable if the other elements, as man^nese, phosphorus, chrome, 
do not act in a similar manner. The manganese increases the resistance and diminishes the 
elongation, just in the same way as the carbon, but in quite a different measure. Tlie chrome 
increiisc'S the resistanoe, but wituout reducing the elongation. Forging, rolling, annealing also 
exorcise a different action, and are to be determined. 

But it is necessary that all the testa be carried out on bars of the same section and the same 
length in order that the elongations have thc^ same companttive character as the resistances, and 
that the value of tiie sum B + 2 Ay be the rc'^presentatioQ in figtires of the effects of the working and 
of the chemical composition of the steels. 

Tlius, tlie values shown in the classiffoation of Creusot for the resistance of the elongation on 
fracture, gives the relations ; — 

For the ordinary quality, B -f 2 A = 104 (1) 

For the superior quality, B + 2 A = 107. 

The tests being applied to two bars of 16 mm. diameter and 0 m. 100 long. B being expressed 
In kilos, a square turn, of section, and A in a percentage of the original lengtli. 

One would conclude fW>m these two relations that the sum B + 2 A was so much higher as the 
purity of the metal was greater, so that if two steels, tested under the same conditions of dimension 
of bar, gave a relation B + 2 A ^ 104, it would be admitted that they belong to a series of steels 
less pure than those of the ordinary qiialiU' of the CreutM%t elaa^firation. 

I'he class] Oca tion of t)io Socicte John Uockerill, at Seraing, furnishes for tests on rmls 0 m. 100 
long and 1.5 ram. diameter the relations B + 2 A = 100. 

That of the Terro-Noire Works Oomimny gives; — 

B -f 2A = 92; 

but the tests are made on rods of 20 mm. diameter and 0 m. 200 long. 

Tiie experiments of Bauschinger on the Temitz steels give the average relation — 

B -f 2A = 89. 

This corresponds to the result obtained on bars of rectangular section, 70 by 12 mm., with a 
length of 0 m. 400. 

The table of tests by traction on steels with a variable quantity of carbon made at the Terre* 
Noire Works gives — 

When the tests are applied to small bars of 14 mm. diameter and 0 m. 100 long— 

B 4-2A = 97-5. 

Wlien they are applied to bars of 20 mm. diameter and 0 m. 200 long — 

E + 2A = 94-5; (2) 

and when applied to bars similar, but the elongation l>eing moasurod on 0 m. 100 only 

B4’2A:=:101. (8) 

These three relations show well the effects of a difference of form and dimension of the test bars. 
The 1st and the 8rd relations give the measure of the influence of the points of attachment of the 
rods which reduces the elongation. 

The test carried out on the steels with variable quantity of manganese give respectively, under 
the same oonditionB of diameter and length of the bars, the three relations — 


8 



L 


R -f 2 A 106 
R + 2A = H4. 
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Liastly, those on the steels having a variable quantity of phosphorus give respectively-- 


B + 2A = 106 

(O 

B + 2A = 105 

(2) 

B + 2A = 113. 

(8) 


On comparing the tests of those relations which correspond to the same dimensions of bar, it will 
be seen that the presence of other substances than the carbon, sliow themselves by an important 
modidcation of the ratio of the load to the elongation. 

The dimensions which appear to be tlie best for tension testa, from all points of view, for rods of 
circular section, arc a diameter of 20 mm. and a length of 0 m. 200. 

The adoption of this type wouhl not exclude the use of rods of different lengths, on tho express 
condition that tlie diameter should be always equal, as in the type, to the tenth part of the length. 
That is to say, that the value of A should tiio same with rods of 

15 mm. diameter and 0 m. 150 long. 

18 „ „ 0 m. 180 „ 

20 „ „ 0 m. 200 „ 

25 „ „ 0 m. 250 ,, 

With regard to the testing of plates, which possessc^s great interest at tho present time, a 
typictil len^h of 0 m. 200 should l>e adopted, but there is reason to undertake a sjKicial 
research for fixing the width of tho bars in relation to tlieir thickness, so that the elongations prr>- 
diiced lie ivlwuys the same as tliost* produced by round rods of 20 nun. diameter. A series of sfiectal 
tests undertaken with this object, would readily give the elements of understanding to lai jirrived at 
on this ])oiut. 

Strict nnd Jit;$istance to eoch Cuit of Sectioned Arctt Fractured . — The permanent elongation of 
the liars brings about a reduction of tiic sectional are^i, and therrHl no longer preservers the cylindrical 
form, a drawifig down takes place in the }iortion fractured at a poiut where tho sectional ar<*a 
liecomes only a fraction of the original sectional area; this stretion of fnictiire is s<i tiaich the less as 
the roil is more elongated, drawn out, and in proportion tti tho softness of the sttrel. 

T>. Kirkaldy was the first to insist on the fact of tlie contraction of the sectional nn^a at tho 
point of fracture, and ho has regarded its amount as an execdlent measure of the linnlness of sU'cl. 

It is, in fact, an element less de|Xindent on the length of tlie ro<l than the final elongation. 

But it is advisable to note that the values determined practically are often of a very irregular 
charjwrter, resulting from tlie fact that the stiecial eircuin.stance8 of the <‘xperiinont, the presence of 
local defects, for instance, exert a considcniblc influence over the place occupied by the section of 
fmeture on the length of the rml. 

Theoretically, in fact, and in the case of absolute boniogeneity in a metal, fiticture should take 
place in the middle of a rod. If the fracture takes place at another iKiint, or es|K‘cially at a jioint 
near the attachments, tho final elongation, the drawing out of the region of fracture, does not take 
place under normal conditions, and the stri»*tioii has a high€‘r value. 

In order to obviate this difficulty, and to ensure, by tlie exact estimation of tho stru'tion, a use ful 
element of tins hardness of the sU*el, it will be well to set aside all those in wlijeh fmeture takes 
place near the {joints of atta^'hmeut, and it would In* useful in tlie publication of series of tests to 
always indicate the exact position of the section of fracture with reference to the niidiilc of the nsl. 

As to the final re.si.stance to fnicture, F, this value is subjwt to tlu* same niicertamty as Ihosi* of 
the striction from which it is obtained ; it can, therefore, only give rise to useful cfimparisons under 
the sjime reserves. 


This value, in all cases, would appear to decrease in inver8<> proportion to the hardness of tho 
sterol, its percentage of earlioii, and its strength a unit of original s« ctional area. 

Under the notion of the in termed iatij loads to which a rod is sulnnitted, from that which cornw 
sjionds to the limit of elasticity bi that of fracture, n series of jiermanent elf»iig»tiMn« takes place 
increasing from O to A, according to a law the ob.^ervation <»f whicli, ofu-u negh cb'd ia tests, fip{iears 
tolx> ncvertlicdess of capital iuten st in a study of the projierties of steel, and esfK-cially of w)flVt 4 *els 
The regi.'itcr of successive elongations, and the diagmin which rejiresents the law of their increase 
with reference to the Icmds, is then an indisfs^n.snbh< complement to every traction test. 

Many eXjs rimenters take ciire hi rcpre^ent by comparative figures the faculty of elongation of 
the steel during the jieriod of permane nt deformation. “ 

It is tlie most usual practice to give tlie value of elongation com sjKin ding to the same load 
superior to tlie limit of elasticity. 

It is thus tliat, in the table of tests on phospliorus stef-hs, compiled by Thurston and commiini. 
cahd in the {)a{ier of Holley, read at the Inst, of C. E. in 187X, appears the elongation prcxluced bv 
a constant strain of 42 kilo, a sq. mm. * ^ 

The inconvenience of tliis method is, that it cannot Ixi applied to an exte nded series of steels 
comprising very soft and very hard varieties, for the loo#l h» lx* consiflercd should be at the same 
time superior to the limit of tho elasticity of tho liardest steel, and inferior to tlic resistance of the 
softest, which it is often impossible to realize. 


Mor^ver, It is well known that dunng a tolerably long range, from the load cornispondinir to 
the limit of elasticity to a loa^l equal to alxmt three-fourths of tho breaking strain, the eloniratmii« 
producoil increase with tolerable regularity, and proiiortionatcly, not to the loads, but to the exiJi* 
of tlie loads over the limit of elasticity. 


Corrqiai alive results would then Ix^ obtained, on measuring the elongation produced under aloud 
always exceeding the hiijit of elasticity of the samo qiuintity, 

If I. !hj till; limit of olMticity, ami if olwcrvations in, mado, for a whole Beri(« of steels of thn 
elongations, i, cmHiKin.ling to a load L + pp, bcii.g u constant quantity, tho different values of i 


Will well K^nresent the facnlty of permanent elongation of the sUxls considered during the nerkffl 
of regular deformation. ^ 
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If, besides, one oaloulates the ratio ^ of the excess of the load over the limit of elasticity at the 

corresponding permanent elongation, at say ^ = D, this quantity will represent what may be called 

the mmiulus of permanent deformation, which permits of estimating the elongiition produced under 
any given load, inferior, however, to that under which the accelerated deformation commences, 
which is manifested by the special attenuation of the portion of the rod where the fracture is about 
to take place. 

The value of this coefficient D, characterizes very clearly the nature and the degree of hardness 
of a steel, and permits of combining the effects of defioction with those of tension. 

Tiic value of 1), express(;d in kilos, a square metre as the modulus of elasticity K, increases with 
the hardness of the steels ; it is about 250,000,000 for extra softsh^ls, with a tenour of carlx>n from 
0*1 tfi 0*15 percent., or for very pure Swedish irons, 1,500,000,000 for very hard steels at 1 per 
cent, of ciirbon. 

There remains to notice the resistance of steeds to tensile strain, represented by the cdasiic effort 
by the lialf prcxluct of the l(jnd corresponding to the limit of elasticity and of the corresponding 
ehistic elongation and the effort of fracture by the area of the diagram obtained by r<‘gistering the 
successive permsiuent elongations. 

But tliis cstiinatUm tloes not supply n conjj>arative \aliie of steels as regards resistance to imjiact, 
tests with a falling weight having always been applied to lx.*ndiiig, and the impact producing in 
tills Cctso has a fonsiileruble effect out of projKirtirm to tiiose with a tensile strain. 

It may Ixi stated here, tlial the steels containing a certain quantity of phosphorus show, on 
tensile tests being applied, resisbiin'e and elongation but litth? differing Irorii tlioseof steels w'ithoiit 
phosphorus, but with the « iiiie. quantity of carbon or riianganest*, in onler that the quantity repre- 
senting the resistance to tensib* strains bo appicKjiably the same in the tw'o eases, and yet on 
proc<‘eding with impact Ujsts by <lellexion, ihesr^ dillbrenccs are found con.sidemble. 

WJieii it is re<jiiired b) examine ami receive soirie pit ces of st<el, it is on these pieces themselves 
tliat the tests are carried out, with tlie intention of a.-certaining liow they behave under tlie action 
of the stniins to wldeh they will be suhjecU^d in pracliee, and in this ease it is generally lo tests 
of deflexion, and cspi cially to deflexion l»y impact, that they are subjeeb d. 

We now' [Rwsess, tlianks to the nuiiKTous resemrehes referred to, many of the elements 
enabling us to deal with the theory of j>erinnnent deflexion and of impact tests, but tliis theory can 
only 1 hi t stablislnd with eornplt fe exactitude by new tensile tests, more motbodieal and absofutely 
uniform in eliaracter, to confirm and complete the data hitherto furnislud. 

The same may lx* said of the elassitiiiition of the products, m> vari<)us and so nnme^rons, desig- 
nab d by the name of manganese, phosphoms, clir«»nu‘, silicium, and tungsb-n steels, w’hicli would 
only be jwKSftible wIk'Ii we Imve the Know ledge of all the physical prf»i»erties whieh sliow themsilves 
in the tensile test, assigning to each one of these products its exact place in the general scale of 
steels. 

Streiufth ami af ru/.v. — The theory of the strength and resistance of material.-^ is 

olosi ly connected wdh that of molecular inechauics. The latter bcience, however, is niucli more 
extensive, and aflects many <itl;er problems than those of the practiced ingimer; it has Ik'Cu the 
subject of ItMTiud researches, oft» n dillicult to understand, and still more to analyze or criticize in 
a tnetnoir of limited extent. Moreover, the strength of iiiuterials In ing a braneh albigether of 
pnictic.ll npidication, requires only to liorrow from sch*ntifi<* tlic'ories the principles on which to 
ims<* rult'S of ooiistructiou, simple enough to Ik* of general application, and yet fcuflicicntly exact to 
Ik* used with confidenct'. The suect tnling view of tmr j»rebi‘iit stale of kuowh dge of this subject is 
duo b» Jules (xHudard, and wits first presented to the Inst, of C. K. in ISfitl by W. Pole. 

The formiiliD of strength bring into view, on the one hand, the destructive action of external 
forces, ami, on the other hand, the resisting molecular actions of the material. 

External forces are of twi> kinds; one kind comprise -s eleim iits dirtn’tly given, such, for example, 
ns w<*ights; the other kind consists of reactions, fnnclinn.s of given forces. In certain cases these 
reactions may easily be fouml by the science of statics alone, as. for example, in the case of a l>eum 
ploetMl on two supisVls. In othor cases they will dejH*nd on the chaiigi^ of form <»f the solid; it is 
this, for ffxample, which causes the ilifticulty of cnlcuhition in arches and in continuous beams of 
several spans. Or, lastly, it may lmpi>en that the Isi.ly in qm•^tion may n<'t be iu a state of 
cijnilihriuni, but that its particles may osi’iUiite niidt'r variable dynamic influences or forces of 
inertia; this is the cose of concussions, vibmtions, and the like. 

These various external fmccs btung iletcrmined, it will easily be seen whethiT they tend to cause 
corhiin parts of the solid to elongate, or to shorten, or to shear, or to turn nnind c<Ttain axes. 
These various efftvts, extension, compression, sliiling, torsion, flexure, may further manifest them- 
stdves separately or may cfindiim* with oaeli <»ther. 

Under the action of these forces, the lasly will necessarily bo changed in form ; for solids 
perfectly rigid are only pure ahstiactinns. The study <»f tluse changes of form constitutes the 
object of the thiwy of elasticity. The .study of strength or rt'sistaiice has to do with the |K»wer 
which the solid, acxrording to its physical constitution, }K>Hsesses to maintain, if nut its form, at Jt^ast 
the cohesion of its [mrts. 

For the constructive ongine*‘r the qiiostion of roMislance to rupture is of capital importance. Tho 
elastic change of form interests him K ss dirtetly, becaiisi* he knows lK*fori‘hainl that this change is 
generally very sinnll, and presents no great iiiciiiivi'nionco, > It often happens, however, that the 
two queslious are connectetl b>gether; tor example, iu tho easi^. alo atly cited, where the eliange of 
form of the Isxiy iufliu'nces the reiwtioii whicti it receives from its external supi>orts. It may 
happfiii, also, that a ohnngo of form may present iu ilsi.df a direct practical interest ; thus in the 
testing of a bridge, if the observed ilellectioii agrees with lliat predicted by the calculatiou of the 
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elasticity, it tvill be inferred that the beams do not possess any hidden defect capable of producing: 
an abnormal dt^flection. The cliangc^s of form may also exert a notable influeuoo on the strength of 
constructions where different materiuls are combined ti^gether. 

Extension . — Moiooulnr action is a force internal, or reciprocal, which opjioses indefinitely the 
approximation of two particles, but only opposes their separation up to a certain limit, lliia limit 
being attained, the two particles find themselves suddenly withdrawn from their sphere of mutual 
action, and rupture takes place. 

According to this idea, a fibre or tliread of particles being subjected to tension, the force produc- 
ing rupture may be measured, and this force will vary with tlie suhstance. In this elementary 
ease, so simple in appearance, tlie question arises, whether a ptirticle extends its attractive action 
beyond the particle immediately adjoining it on either side? If this were so there would bo 
differences of condition between the ends and the middle of the fibre, and wo ought to be able to 
designate beforehand the p^unts of rupture. But we do not know that these points are determined 
by any other laws than the mere caprice of the sjiecimen, and wo assume that, for a thrt^id of an 
absolutely theoretical regularity, the rupture may take place at every |x>int at the same instant. 

If we bike a material rod of finite thickness, the phenomenon bcHroiiies mort? complicatcxl ; for 
the particles now undergo displacements, not only longitudinally but also transversely. 'Fhis is 
very obvious with a viscous matter, which diminishes in thickness as it is increased in length : but 
as everything is continuous in nature, viscous i»r jwisty matters of all degrtxss mark the transition 
from liquids ta solids, and these latter miglit to pi\»scrve in a faint degree the same physical 
pnqiertics. This is, moreover, a fact which the experiments of Trc^jca, u|X)U the flow of solids, 
have shown in a striking manncT. 

Hen? we already finil oursidves in the presence of an obsenre phenomenon of molecular mechanics. 
In considering, however, the strength of niatc^rials, wo ev’ade the difficulty, ns we are content to 
nssiiniiato the compact nxl to the assemblage of its eh-numtary fihn*s. close but unoonnetrtod, and 
thus exercising no mutual latcnil actions. This volunuirv errt»T is exciiscnl, not only for the sake of 
simplification, but also lux^anse it appears to ht* of a kind which may l>o nc^glcoUnl in the pres<?nci* of 
Certain accidental irregularities which we provhle for, ns best we can, by nio<lifyif>g in the particular 
case the value of the coefficients. Thus, for example, iron wire, owing to its peculiar rntnle of 
luunufactiire by drawing, is relatively stronger than iron in thick hars. 

It is ndmitte<l, then, that the tensile stress N which a rf>d can sustain is proportional to its section 
w, that is, N = R oj, where R designates the rcsislaiice to rupture |)er superficial unit of the sccliiHi. 

The phenomenon of change of form is successive and continuous, which distinguishes it fnun 
the instantaneous phenomenon called ruptui\\ It may bo followed by the eye, by olmerving the 
cdongations 5 of a unit of length of the rod under increasing hiads N. The curve of whit*h 9 is 

the ordinate, and N ^or the abscissa, is not a straight line; its differential coeflieitjnt increxiscs 

nt first very slowly, an<l then more rapidly as it approaches rupture. I’nder mod< rnte loads, how- 
ever, weailmif the proportionality of 5 to N, and we always as.^iinilate the rrsi whost* s<^'tion i'. w to 
a bundle of independt iit fibres placed in juxtaimsition. Henct> the formula N = K w 5, wIuto K is 
the modulus of elasticity. If E vari€‘8 in the section, we write S ^ Sj' K J w. The factor /* K 8 w 
is called the longitu<Iinal Bj»ring, The resultant N of the tensions is undersbxxl to j»oas through 
the centric of ehwticity. 

Gn«it imf»orbince has bf?en attached, as a matter of principle, to tho vague idea of the limit of 
ela.'th'ity. Below this limit tho elongatifin 5 w’oul<i be pro|¥»riioiiul fo the force X, a<’e< 4 rding b* tin? 
pree**ding formula, and it would vanish by the removal €»f the force, tlio ro»l th# n resuming its 
j»riniitive length. It appears to be shown that it is neeessary to distinguish two kinds of «?loiign- 
tion, one fM-riiianent, a kind of wire-drawing, very incoiisldemble at the cN.nim< in'^ inent, but 
increasing rapidly and degenerating into em rvution umb r considerable loads; the other ehistic, 
that is, obeying tlie law of pro|>ortion;dity to the force afid vuni.-hiftg therewitli. I'he |H'rman 4 ‘iit 
elongation would secmi tr» pre.sent the character of not Indug renewed by the return r>f the f«iine 
force or of smaller forces, in whudi case tlie law of ela.slic jmlsation rdilaitiH fns ly. The limit of 
eladieity would lx? prnctic.dly the point bf low which the jsTnianent idongution is not nppreciahle. 

These hy|M»theseH, however, are open to doubt Certain fact.s to estaldish that time inbT- 

venes as an enervating cause, by giving fM riiiiinenc#* to elongations wiiich an? at lirst chistic, and liv 
cons* qm nth dimini-bing the vigour of the material to r. iicl against <1. n%ngcin»*iits. It has lH <*n 
remarked, that fibrous iron tends to acquire a gmnulRted or crystallim* h xtnre by long-continued 
c^>ncus»iMns. It might tlius }>»• afipreliendi^l that an iron beam \^hieh now is amply strong, mighf, 
even though prot4*ctcil from all oxidation, break fatallv some, day by tho sole effect of the riqs^ifed* 
action or long continuance of the loa^L If tliis is so, the theory of ro«Utanefi oiigld, perhaps, to Iki 
changed in cliaracier; insh ml of saying vaguely that a ce rtain maU?riiil, snl>je<jteil to c^irtain work, 
presents guarantf?es of safidy, it ought annoimc^? for liow long a {K-ricKl, or how many itinc^s it 
will Hiipyxirt tlie test witii impunity. This d^ictriiie of instaliilily appears but too well supisirted 
by analogy ; everything it* stamp€Mi with the wal of dcstriictk*n. 

For the «we of great stre.sses passing l>eyoml the cfmventional limit of elasticity, Bam^ do Kt 

Tenant has proyiosCHl to substitute for the law ~ = E 8, the expression ^ =r E [1 ~ (1 - 8)*»1, 
m lieing a numln r > 1. 

Ce/.p.tMiea.-— Tbf? resistiincc offi^rrHl by two particles when raused to approach each other is 
indefinite, and a solul or even a liqui«l may support any prewsuiv?, didribub d wnifornily over its 
circiimferf?nce in such maniK^r that no ptirticle can c?scap«? by sliding away. For exainplo, it would 
l*e imjK>«sib!e to succeofl in crashing tho water ooiititin«sl in a hydraulic press. 

Vi hat then is cnishing ? This word is anplto<i to solids presses] irregularly uikiii diflVnreut faceii 
or ixirtions of their external contour. The term ordinarily present^ is that of prisms press^ only 
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on tlieir btises. SucIj a solid sliortetiB, but its density does not augment in an equal proportion, 
because certain particdes near the lateral contour flow to the exterior. The body swells, principally 
In the middle of its length ; sometimes it (exfoliates in filaments which detach themselves and full 
away on various sides. Tlieso effects constitute crushing. They are due to internal sliding actions, 
calling into play the resistance? of certain particles to lateral disjunction. 

In prisms of very donated form, the phenomenon is modified by the tendency of the middle of 
the rod to deviate altogetncr, from its original straight form, under the most imperceptible cause ; 
thus flexure arises, and the moment of rc'sistanee of the nid becomes of more importance than tbe 
area of its section. 1’hus the case of a pillar pressed u|)on its bases is very imperlectly understood. 
W(? are almost reduced to the application of formula? purely empirical, which aim rather at con- 
forming to observed facts than at explaining them. They are valuable as expressing the results of 
numerous observations, ns guides for ordinary practice, and as ste]>8 towards the discovery of laws. 
But the ideas latent in them arc often masked by the divergent circumstances of the experiments, 
and the functions assumu different forms under tin? hands of diflerent observers. Generally, in 
practical construction, we apply to compr<*86<?d prisms the same forinuloj, N = R'eo = E<y 5, as for 
rods in h^nsion, when the length does not exewd, for example, ton times the thickness. For longer 
lengths recourse is had to exi)crimental formula?, or t<i the reduction, more or less arbitrarily, of the 
eocflicient It' of the pressure admissible per unit of surface. Love has reduced into formula the 
ex^Kiriments of Hodgkinson on long c/dumns. 

Kesctarcln^ have l>e(?n imide on the lateral bulging out of a compressed prism, or tin* analogous 
contraction of a stretclied rcnl. F(jr an isotrojtic b<)dy, that is, one which has a similar texture in 

every dirt‘ctioii, St. Veuant shoWs that a bulging — of the tran&versc lineal dimensions corresponds 


to a projK)rtional shortening 8 = — , of the length of tbe prism. In this way the unit of primitive 
volume will have become = (1 — 8) =r sensibly I “ 2* 

Wertheim arrived at 7 for tbe coiitnudiou of the v(dume iiistoad of ^ • It must, however, be 

«j A 

stated that tin? isotropic condition is merely a theoreticjil abstraction. 

If it is true that (compression is <»ijly dangerous on account of the lateral bulging wln’cb it 
causes, we may conclude from w hat prec(*des, tliaf a prism may carry four tinit*ft more by com- 
pression tba!i by extension, pixivided that, by ils short length or otherwise, it b<‘ preserved from all 
lateral bending. This conclusion, Imwever, requires considerable mrxlitication in praclice. 

Siifiituf. — Two|»ortion8 of a Milid contiguous to n ccuumon S(ction, Und to hli«le one ujk.ii anotlier, 
when they are acted nism by a n lativt! bliearing force parallel to the st'Ction. The (M)rres|MUiding 
change of form is no longer a sirnpb* translation, but is an angular deformation. Having given a 
small }ianiIlelopi)K*d, of wliich lh(» bas(\ at first rectangular, is d<*formed into 
an oblique (mrallelogram A 11 11 C, Fig. 1740; tbcMi letting fall HE jm rjien- 1740. 

dicular to A C, we may say that the face projected on 13 D has movcii before A 

A C by the relative quantity and this motion is the same as that --- 

A JU A ^ 

of C r> before AB. In other words, the sliding Iretwecn two parallel and 
neighbouring faces incliru'S their primitive common noriuul, and is measured / 

by the projection on one of tbom, of the unit of length applieil on the normal / 
which has deviated. It is the Hinnll cosine acquired hy the deformed angle 
which was originally a right angle. 

This primufial sliding <; is in the sumo direction as the projection of the 
deviaUHl normal. We may estimate first the c/miponent slidings and 

{^larallel to the directions of two rectangular axes traced beforehand on the D 

section ; then the princi|>nl sliding will h<* 7 == 

The sliding action causes stn telling »»f the fibres, fur in every rectangle transformed into mi 
oblique puralb'lognmi one diagonnl will In; lengthened, the other diagonal w ill be contracted. The 
greatest stretching, uud also the greatest contraction, jier unit of lengtli, will have the value of tbe 

half sliding ^ t ®nd will be manifested in directions draw'u at 45"^ to the face in question. 

Up to a certain limit the sliding (j Is projwtional to the shearing force F applied to the face 
whose area is w. The ehange of form is thus (h'fiaed by the formula F = the c(>eflieient G 

bears tlio name of the mmlulus of transverse elasticity ; it will he constant like K within the limit 
of (dasticity. If this xikxIuIus varices in diiferent |)arts of the area w, we write F = (^/Qdte; and 
y*0 d 01 is what is called the transverse spring. If T represents the tangential resistance to sliding 
a unit of surface, we have F = 1' w. These formulao only apply to a section of finite area <•>, while 
this section is compelled to contiinu? plane ; for in tlie case where it is free to bond, there will arise 
an unequal distribution of tbo sliding in the various parts. 

An isotropic subsiauco, capable of supporting a longitudinal tension R per unit of surface, 

which extends it a quantity ? , may resist a sliding of double this extent =s 2 , or a tangijntial 

G R 0 2 

etress T = 2 -g- • ^ 8t. Venant having been led to the ratio g = 5 between the moduli of trans- 

T 4 

verse and longitudinal elasticity, wo have » = ? for the ratio of the tangential and longitudinal 

B tf 

stresses producing equal fistigue. 
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Texture of Bodies , — In the absence of knowledfiCO as to the irregiilarities which may exist in 
various parts of the same body, it is customary to consider the materials employed in construction 
ns liomogoneous. In some cnses, however, we are aware of the irregularity ; for example, we 
know that in cast iron, the external skin is of a closer texture than the internal moss, and we may 
take acc<nint of this by causing the cot^iEQcieuts E, G, II, T, to vary in different points of the section 
of Ihe stdid considered. 

As to the texture at any given point, there are two ordinary cases ; — 

1, Amor])hous or granular bodies, in which we assume a similar texture in all directions, 

2. ^ Fibrous 8ub^tance8, in which the texture is uniform in all the transverse directions per- 
pendicular t<^ the fibres, but is quite different in the directions of the tihros themselves. The 
coefficients which characterize th’s texture vary therefore in different directions like the radii of 
an oUip8<»id of revolution. Experimental data, to bo oomploU*, ought to furnish the vari<»u8 relative 
coefficients for the principal directions, whicli ought to be applied, sometimes one and sometimes 
the other, nccoriling to circumstances. 

Wo know, for example, with fir w»ood, how much easier it is to cause the fibres to slide Ujion 
each other, than to shear them tmnsvt rscly, and how much easier to sepamte them laterally than 
to break them by longitudinal tension. 

If, in some eases, we admit an unequal texture in three rectangular direxjt ions, tho tensions corre- 
sponding different positions will Im? represented by the radii of an ellipsoid witli three unc<pml axes. 

Ciystalline Ixxiii^s present faces of cleavage which liave little adherence, liowever hard may be 
the crystals themselves. This molecular omstitution is too oompli&ited to enter into tho fonimlm 
of strength, and therefore we should treat such substances as .amorphous, attributing to thoiii 
cooffioients with a mean practical value. 

Limits of Safcti/. — ExiK*riencc furnishes the values of tho coefficients II and T, which produce 
rupture by tension or fnietiire by shearing. In jiemianent constmclions it is newssary to ke<‘p 
much within these limiting valiK*s. Wo therefore choose, somewhat arbitrarily, the limits of 
strength about for substances which are hut slightly hoim*gencmis, such as w(»o<l or stone, and 
from j to I for metals. The great difference l>etwecn tho cotffiicient adnntted in practice, and that 
which produces rupture, is demanded not only by what has l>een said oonccniirrg the limit of 
elasticity, but also by the {lossibility <'f ooncns^ions or unknown vibrations, by the tlioiiRand small 
hidden defects of tl.e Mibstanet s, ami finally in onler to cover the defects of the tb«*ory its<df. 

The immense variety of nature rendi rs the task of exi»t*rimenlers very indefinitt*. l‘'\ery i.*<olat<“d 
trial has only an absolute value for 8|K cinjena i« ten tieal with that triwl. The discnssir>n is d*di^att^ 
and it is <.nly jxjssible to give approximate mean values us g» ncrul results. The origin, tin* diineii- 
sioiis, the mode of manufactun*, the annealing, the age. the bumidity, and inuny <»tl»ei eircumstanees 
influence the strength. The lalxuirsof llodgkiti.^fm, Fuirbairn, liondt b t. IMorin, ami other M'ieiilifie 
men, have accmnulatod a gnat nuiul>cT of useful data rcganling the prineijud materials <if construc- 
tion. and yet there remains much to l>e doia* in this viust field of pnu'tical inv€i>ligatioii. 

The iniiK*rfe<*tion8 of fbeory require al.>o r* s^ rve in the choice of the limits of sab ty. t'l rtain 
errors act iti a favoumble direction ; but in igiu»ranee of this it is ofbui ri<*c»‘SHary to pr»>vide against 
them, by atfrilmting to tliern an unfavourable effect. 'I’hc imj)rm'* inent of ihescituioc ought t<ffb*nd 
to realize an c.xact tlett.*rminati<iri of the condition,s r»f strength io all the parts ui' a work ; for example, 
the* moot ec^iiioniieal framework for a given structure will bi* that which would fill hininltan<‘ 0 ?i.M]y 
in all its bar.s, when the strain i.s angmeritod to rii|>ture. d'ho Hcnlc r*f s«curity, or tin* suitable 
interval U'tween the practical cMdlicicnt nral that of rupture, will always have a character iimre 
less nrhitrary, Ix-cansc it will l>c always more prudent, but more <y>»tiy, bj ha%'e a smulh'r than a 
greater stress Ufj<'»n tlie material. 

lalst? hyifOtlics^'s ati.s^j either from ignorahee of the laws of tin* rnateri.d, or from the coriditirms 
differing h)o miu-h from praciico, or fn»m the obligat.on to simplify th<* ^•alcul^ltio!^, which fdher- 
wise lui^ht he inextrieahle. It is thus that in iiuMt ctwi s we ^>nly consider the states <if statu al 
equilihrium, omitting the e^»nsjdefatiori of vihrations or flytiarnicJ effects. In a e^iUitifiuoijs I** am 
ol malty sf/ tns we must Is gin iijkih (he hy|K>the>is of the invariability the supf»ort.% ultluaigh wo 
cannot l>e unaware that a v< ry slight error of b-vel may ovcrthn»w' all our rHleuluitons. We may 

iiifitance the sle aringof n rivi t : tin* foritiuhi hti e*ipnil distribution ttf the Kh< 5 «iniig 

force on all the elernent.’^ to !»./ in such a manner that the distinction muv take piacr<^* every- 

where at the.sime in^tant; aiid yet in reality tiie e^lge attacked will be enishefl [>eforc the op|>ostto 

edg*- ho.H nK»ve4l. 

h<*n a cylinder is twisted by a c*.nple whose moment is = fx, and whosci piano is 
fKjrjKinaienlar to tlie axis of the e\lind*r, evf*ry truii-^versMi s 4 *elion turns, relatively to its adjotiiitig 
^*€1 ion, round the axis parsing tliroujh their ccntie'i f»f ehistictty. If ^ is th<’ arc of i«>rmoii 
(relatively to the radiu-) j»f*r urnt of huigth f»f the cylinder, and if or is tim se ctional artfv, then an 
C'iement d oj of thi.s area, situated at a disUtiice r frfun the axis, will suffer a sto ss ii ip r d w in tho 
clirecdion of ihe tangent to the circ’le of mdius r, <; Isdng the lUfMhilus of transverse tdasiicity or 
elastu ity by slidtiig. 1 he aggregate of the.se stresses, on the se'cdinn «. w ill 1 hj> equal to a coupio 
whosf* moment is = m = <^» J (» '** </«. In the* ease of a homogerieons material, tho imfment of toni- 
bility f a doi, may U* w ritten (i f ,1 « or O J. where J is the i>olar mcmient of inortiii /V dis 
of the St clion refern d to its centre of gravity. The shearing stress T, a sujs^rflclal unit, at a prnnt 

distant r from the axis will Ixj T ^ ^ . The fibre passing through this iviint will Imj bent luto a 

spiral, whose tangent of inclination, relatively b, the axis, is r ^ The maxEiniim T, of 

the? Htrcee T will l>o at the circumrerencsc. Thus the flection Wing a circle of a nulius wo havo 
1, = G. 7 , = ' =r ^ (f\ lieing the mnxitnnm sliding. 
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The relative sliding of two transverse sections involves sn equal sliding of the iibps one ujKin 
another, and also an extension or eoiiipressiun of the spiral Hues inclined at 45° to the axis of 
torsion. 

The moment of torsion expressed by Q ^ J is exact for slight deformations of circular cylinders, 
or for very short prisms whose seidions would be ooinpelled to continue plane. But it would not 
apply to prisms whose transverse sections are free and not 
circular, for these sections give way and bend instead of re- 
maining ilat. In such a case the moment of torsion is less 
than G J, an<l in order to dett;rinine it recourse must be 
had to tho tlioory of Ht. Vonant, now alsiut to be expliiinecl. 

Any element of tho lateral free surface is currioii along 
by i!'e interior parallel and contiguous layer, without any 
relative sliding; for it wuuM require an external tangential 
forex*, such as friction, to oblige the element to slide. Con- 
sc<|Uontly the transverse scx;tions of the prisms bond, in such 
a wa}’ as always to cut normally the lateral twistc^l surface. 

It is thus necessary to take accvmnt of this deformation, in 
estimating the real slidiiigs tending to shear the fibres. 

Tmce two rectangular axes O a?, 0.v, Fig. 1741, in the primitive piano section, and passing 
tlirough tlift centre of elasticity O. or axis of torsion. An element M, whose distance from O is 

r = V*, will have left tho piano of tho axes after tho torsion, nnd we will call z its distance 

outside tills plane. If we neglect this distfince the inclination taken by the twisted fibre passing 
through M. in virtue of the arc of torsion <f), will producti simply a sliding r <p perpendicular to tho 
rmlitis r; this sliding may he d«‘<*om|x>setl into its projections ; — t/ <p in the direction of the ahscLssa 
X, and X <f» in that of the ordinate //. If, tiow% we sup{K>so that the fibre has remained vertical, in 

order only to occupy ourselves with the displacement tJic small inclination ^ will measure the 
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sliding parallel to 0.r, and that parallel to Gy. Tho composition gives q* 
elTcctive Hli«Iing in the ilircction of x, and y" = * + x for that in the direction of y, 

cipal sliding will l>e the rcsultonty = /%/</* 4- 

DifliTi’iitiating >f in rc-pevt to y alone, and </' 


— y for the 
The prin- 


in reqHfct to x, and reducing, wc obtain tho 


relation . — . — = 2tp. 

d X d If 

The slidingH </ and arc not only the sliding-^ l>etw*Hn transverse sections, which h.iui to 
slimr the fibres. There aroailst* the slidii’gs of the fibre, re'ativi ly to its noighlMHirs, following the 
small longitudinal faces, ixirallel respvclively to xaiid y. It tln-n the exln iue hai>es of the fibre do 
not siipfMtrt the normal |iressur«*s, if the w» ight he n eg lech d, and if the texture is ^^imiia^ in all the 
transverse tlinx^iioiiH, the lougituvlinal e^tuiiihriuiu of the tii>re will require this ginenil indetinito 


... d •} dtl 

cxmdtUoii / 4 

tf X d V 


0. According to the alcove given values of </ and y" this condition is 
expressed by the ettuatioa of the partial differential coetlieicnts of the 8t*cond order 

(U 


iPi 

dx' 


iP z 




= 0 . 


Further, there exists a Bj»eei,tl condition ftr tho jxnnts of contour of the section, that is the condi- 
tion of normality U tweeii tho Msiion and Uie laWral faces of the prism. It is necessary that tlio 

priuci|iul sliding shall become, at these p )ints, tangential to the contour, which is expressed by 

d z 

<‘y . 

dx 


d X 


C.2) 


— .V < 


Under tho sHdinga y' and y" tho elements d« of the transverse sections experience tangential 

or iihi*ariiig aetions, etpial toG — y ^ d a> in tho dmortion x and capial toG ^ 4 d w 

in tho dircclton of y. These aetions constitute, in the aggregate, a couple which resists tho given 
moment ft of tho exteriiul fonros t.?!idiiig to tw ist the prism. We have thus 


d z d z 

This expression determines the torsion ; we find — and by integititing equation [1] with 

tho <$r>ndition expressixl by equation [^2], adapted particularly to tho given contour of tlio base of 
tho prism. 

As tho din^ct application of tho above presents great diffic ulties, 8t. Veiiant has oontrivesi an 
0X|KHlient, whiol) consists in assuming from tho coininenceimuit tho deformation z ; then tho 
contour of the base of the prism becomes the nnknown quantity, and it is endeavoured^ by the 



888 HATEBIALS OF CONSTRUCTION, STRENGTH OP. 

choice of to arrive at forms of oontonrs which may be met with in practice. We need only give 
Bome of the most remarkable results. . 

For the cylinder with circular base, x* + y* = a* (a = radius), wo find ar = 0, that is, the sections 

continue plane. The moment of torsion has the value /i = O ^ y* ( -f y®) d x = Q ^ J ; 
= ~ G ^ a*. The greatest sliearing stress is produced at the circumference, and has the value 

T = G a A = , the unit of surface. The circular section is the best of all solid forms for the 

*■£1* 

resistance to torsion. 

In the elliptic cylinder, ^ ^ (the ellipse having axes = 2 a and 2 6) the sections bend 

a® 6* 


into hyperbolic paraboloids given by x = 


- <1* 


X y. The axes of the ell ipso preserve their 


+ ^ • it 

rectilinear direction ; but hollows are product in two opposite quadrants, and projections m the 

... a*h*wG,p ^ 

The moment of torsion is /x = 


others. The moment of torsion is /x = ^ . The principal sliding g «» 4. 6® 

increases from the centre to the circumference ; its greatest value takes place, not on the fibres 
farthest removed frtmi the centre or axis of torsion, but at the extremities of the minor axis of tho 
ellipse, points when x = o, y = + ^- The greatest shearing stress is consequently 


T = 


2 


IJL. 

» u 6® 


a* 4 

In the equilateral triangular prism, whose side = a, tho maximum sliding is produced at the 
middle of the sides, and the equation of resistance to shearing is T = — ^ G £i ^ = 20 • The 

moment of torsion /x = G o* ^ is only of the value G <#» J which it would have on the hypo- 
ou 

thesis of sections continuing plane. 

In tho rectangular prism, whose sides are o and &, the solution is very complicated. The 
moment of torsion is expressed thus ; — 


fi = G 


fa 6* 

_ 64 

■ww a a « 

, -<’ * 1 

L 3 

b 



p, = Gip 


^■[ 1 - 0 .: 


,2101 6 + 0,4183 6 


(;.• 


na 
■ 2fe 


2 

na na"^ 3* 3 ir a 3ira ’ 

a converging formula which may be restricted to the two first terms, when a exceeds 4 h. Tho 
letter e designates the base of the Napierian logarithms ; 2 designates a sum embracing an infinite 

number of terms, obtained by substituting ^ ^ ^ for m and making successively 

n = 1, 2, 3, . . . cc. The dangerous points are at the middle of the grt^ater sides a. The sliding 
is nothing at the sharp edges, although they would be the fibres most cx[)osed if tho siH'tions had 

continued plane. Taking the moment /x = G ^ a K ^ and the maximum shearing stress 

T = K' G b 4>, we should have for K and K', according to different values of the ratio ~ of the sides, 

6 

Uio follow ing values ; 


3ira 

"TtT 


)]• 



a 

i 

1 

11 

1*2 

! 

1-3 

1*4 

1-6 j 

I'S 

2 ! 

t 

3 . 




II II 

0 1!>3 

' 0-675 

) 

0-197 

0-720 

0-201 

0-759 

0*203 

0*703 

0-205 

0-822 

0 20G 

0*848 

0-208 ; 0-209 
0-904 1 0-930 

0*210 
0*985 1 

2-210 

1-000 



Sections in the form of a cross arc nnfavourable for torsirm. 

In the preceding formulae, the coefficient (», of the elasticity of sliding, is supposefl constant in 
all the transverse directions, but it may have another value in tho longitudinal dirc'ction, as would 
be the case in prisms of wofxl. Thfi formula) may modified to adapt them to the itas** w here there 
ere two difforent cm^fficients G'and G", in the directions of the abscissa x and the ordiiiaU; y, of tho 
transverse section ; but in practice tho former case is tho most important one. 

Flexure, — T^t A B, Fig. 1742, >>e a prism subjected t<» imnsverrse forces P,P*, . . . which alter 
the primitive parallelism of the sections by bending all the fibres. Any section C I> tends to turn 
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as on a pivot under the action of the bending moment = P/ — P' /' -f . . . exerted by the forces 
situated between this section and one of the extremities. A, of the solid. When the forces are all 
normal to the length of the prism, the mean fibre A B, locus of the'centres of gravity of the sections 
for a homogeneous solid, bends into a curve without change of length. It separates the other fibres 




1742 . 


into two groups, one of which sufibrs elongations, the 

other contractions. These variations ^ ^ are propor- 

tif>nal to the distance v of the varifius fibres from tlie 
neutral section, and inversely proportional to the radius 
of curvature p duo to the flexure. 

Now we know that an extended fibre contracts 
tra. sversoly, while a shortened fibre swells. It results 
fmm this that the section O D will change its form ; if, 
for example, it was rectangular, it will become a sort 
of curvilinear tra|iezium. Fig. 1743; the orthogonal 
lines traocHl in the primitive section will also be ortho- 
gonal in the deformed section. 

Whtm the bending moment remains constant for a 
certain length of the solid, this length Ixiiids in the arc 
of a circle. This case of circular or equal flexure is the 
only one in which the traiisverhe mictions remain strictly 
a piano after deformation ; these sections remain normal 

the arched fibres, and neither slidings nor lateral 
pres.'tiires are dovel<jpe<i b<‘twoen the fibres. 

When the prisiiinlic s<did is suhjected to a bending 
moment which varies from one section to another, the 
flcxiircf i.-i said t/> he une<iual. There arc then produced 
slidings l>etween the sections, ami even between the 
fibres. The longitudinal slidings between the fibres develop, among themselves, tangential 
reactions or frictions of adherence, energ<*tic in the neighbourhowl of the central fibre, but 
which deoreoHo and vanish in tlu5 lihres of the external contour which are supposi'd free. This 
law of the slidings coiuiKds the transverse sections, which were originally plane, to undulate 
in curved surfaces C' O' !>', Fig. 1744, cutting normally the external faces of the solid. Further, 



1744 . 


1743 . 


fid&rv cDusf cJber Fltscufr 


JSiuMirxtJL 


-Q' 



the slidings between the different threads of particles, produce inverse effects ofsnch a nature that 
no alteration occurs in the longitudinal stresses of the fibres; thus the fibre m'm", having a sec- 

V t? 

tion J (tf, will be lengthened by a quantity = — which implies a tension E d w — the same as if 

P 9 

the sections had remained plane in deviating, p designating the radius of curvature of the flexure of 
the elt iiieiit O O' of the mean fibre, at first reotiliiu*ar. It is this which enables us to study the 
flexure on the simplifying hyjK>tla‘sis of the sections remaining ]>lnnc, when we have only in view 
the t«*nsions <»r e<»ini>resHion8 <»f tlai fibres. But when we wish t»> study the siidings, which, however, 
are less inqsirtunt, exaclitude re<juires that we sliould consider tlie true form of the deviated sec- 
ttt>U8,on which <lt*jK'nds the variable sliding the various fibres. The law of the eiirvatures 

C' O' IJ’ is such tliut the resultant (»f the lateral sliding resUtuuces upon a fibre m' m" is in equilibrium 

with the rc^sulUint Etdtf - of the pressures on the two bases, a resultant duo to the 

variation of the radius of curvaturt^ p between O' and O". As to the effects of swelling and con- 
traction slntwn in Fig. 174.3. there is nothing to prevent their development without tauslug normal 
lati rat pressures Iwtween the contiguous fibn‘8. 

The tension Edw- of ilio clement of fibre m'm". Fig. 1744, has for its moment Ed» - 

relatively to the neutral axis of the transverse section. The integral of this last expn'ssiou wifi 
expri'as the moment of the elastic forct»8 which ought to maintain in e<iuilibrium the given bending 
moment p. exerted by the external forces applied to the solid, lieiico the equation of ehusticity 

— - = ft, whi-ro I designates the moment of inertia, =/ e* d », of the section of the bent prism in 

^ 1 
respect to the neutral axis. This equation determines the curvature - of tlie mean fibre. For a 

straight beam the oorvature resulting from tbo simple flexure is generally very small, and is 

exprasscxl appreximately by , in terms of the abscissa x and the ordinate y of any point of tho 



890 


MATERIALS OP OONSTBUOTION, STRENGTH OP. 


mean fibre. It is necessary then to integrate twice the equation El ~ ^ /a in order to arrive at 

the finite equation in terms of x and y of the deformed mean fibre. 

The practical object in the calculation of the strength is, not so much to obtain this deformed 
figure as to establish the stability of the work. Now if the 'fibre most strained. O', is at a distance 

V* 

D* from the neutral axis, we desire that its stress £ — a superficial unit shall bo limited to a 

It ^ 

given amount R. Substituting, then, — for — , we transform the equation of chisticltv — = u 

up * * P 

into an equation of resistance ~ = ft, in which is the moment of resistance. According as 

the ordinate r' is taken on one side or the other of tlie neutral axis, R will designate the maximum 
tension or the maximum compression. 

When the external forces, being always supposed situated in the plane of the figure, are not 
normal to the prism, they may exert, besides the moment of fiexure a longitudinal force N, Bpn*n<l 
uniformly over the area « of the section. There are then two simiiltaiu'ous efiects coiiqxmiulod on 

the various fibies, and the equation of resistance becomes R = ~ ± - j-. Tho mean fibre, the geo- 

im trical locus of the centres of gravity or of elasticity, is no longer neutral, for it has to resist tho 
N 

stress — . Tlio neutral point, or jK)int of no pressure, and the centre of stress, the iK^int of 

• 

application of the resultant of the stresses of tlie fibres, arc situaU^il on op|x>8ito sides of the ce ntre 
of gravity, or of elasticity, of tho section, following tho same reciprocal law as the axes of bUspeiisioii 
and oscillation in the compound pendnlum. 

ted Fiexure . — We have^ hitherto, only considered plane figures, assuming implicitly tlie 

symmetry of the solid and of the forces relatively to the plane of the figure. Ix t us now 8np(s>scs 
as before, that all the forct's act in tlie Siiiue plane, but that this plane of solicitation is not in the 
direction of a principal axis of inertia of the transverse section considered. 

Lotus revert, in the first place, to the idea of the ellipse of inertia. Take any section, as fiir 
example, a double X, I"!**’, calculate its moment of inertia round an axis G M, ami then tike 

n length GM or GM', proportional to — . If the axis GM be made to vary in dirt'clion by turning 

V I 

round G, the loons of the |v>ints M will be the ellipse of inertia relative to tho f)oint G ; the elli]>8e is 
callotl centnil, when G is the centKi of gravity of the section. As the ellipse jx)sse.-<«es two principal 
axc^s, the given section, however irregular it may l>e, will uls4> have tw'o principu) inonients of inertia 
round tho same na tangiilar axes. Now sup[s>se that the plane of solicitation cuts t!»o plane of tlie 
section otherwise than in the directum of n principal axis, as in the line M, f^r exaiiqtle. Then 
the neutral axis round which the section pivf»ts by tht» flt xnre will not l>c j>crjMmdicular to (i M, 
but will ff)H(rw the diriM-tion of tho diameter <tA, eonjngate to V "*!^n the ellijise of inerthi. 
Consotpiently the mean fibre will, under the action of the force ii j>on te outside tlie phiiie of 
solicitation. * ^ / 

This general case is but rare in practice. It is easily treated by the e^juation } taking 

care to refer I and F to tho neutral axis G A, and to take '“or not the gi\en U nding tiioiiieiit 
/a, acting in the direction G M, but its projection ^ sin. A G M, on the plane ]>er|H!iidicultir to U A. 



We may also dcoomiKwo tlio oWi^uo flexure into a flexure of descoi.t and a flexure of deviation 
produej^ “I®. M up"" two principal plnn<-a of inertia. 'J’hon. S 

tTo flexo^l!^!" “ frim 

For Wnt curve.! IkkIics, mich aa the arches of bridges, th., equation of rosistonce. prowrlr so 
callwi, will be the same M for a bent pnsm. But the study of the clastic dofonimtion JimL 

ui^to^h^i^^nSm^enr ““ ““ the aupporta, and oomKsiuouUy 
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Sliding dtic to Flexure . — When the bending moment /u. arises from external forces not reducible to 
a couple, the resultant of the projections of thc^ forces on the plane of the section constitutes a 
shearing force, causing slidings and undulations of the sections. When we already know the moment 
fjL for the section whoso abscissa is x, the shearing force upon the same section may be deduced 

tlierofrom, being simply the differential coefficient • 

d 

The sliding on the section for any point is the same thing as the longitudinal sliding between 
the fibres. Hut in the case of a piece of wood, it must be remembered that this last bliding 
is the most to be feared, the fibres being more disposed to slide on each other than to shear trans- 
vorsely. 

In tho cajsi of small sections, the sliding is determined approximately as follows ; — Let Fig. 174G 
O'D' and Is* the bent profiles of two neighbouring sections, and C D the form of those sec- 

tions. The equilibrium of the portion C' C" requires that the dift^ ronce of the op|K>sing 
pressures (in its bas<'H O' rn\ O" m", shall be counterbalanced by the rc-sistance of sliding ui»on /a' m” 
= dx. If the br(Midth m, m, is = m, this last resistance is exprossod by Gt g u dx, or by T u dx ; G = 
iuchIuIus of elasticity, g = sliding, T = shearing stress a unit of surface. On tlie otlier hand, 

the small slice wq wq, whose surface is = tic/s, supports a normal pressure ^ u dv ; consequently 
C mjm, will support j I uvde. Tho difference between two pressures, analogous and opposite, 

V 

in passing from C' in' to C" m", will be tho differential relative to /a, that is f U V dVfOT 

Fdxr>^ , , du 

j““ I uv dc, where F is the shearing force = — . The equilibrium then gives 

F 

G^u = Tu=:^ I tirdtJ. 


If the section C D is rectangular, u is constant, and the maximum sliding which takes place on 
3 F 

the neutriil axis (r = 0) is -- of tho mean sliding ^ , where « = area of section. 

Z ir W 

In a double T of plate iron, the middle web, whose thickness is c, and height = //, has in 
general a section c A, small in comiuiriMUi to the top and l>)ttom meiubcrs ; then G g or T iliffers 
F 

but little from ^ which leads us to calculate the middle web e A ixa if it supjwted alone the 


shetirtng stress sprcwl uniformly over its surface. 

Ill eonstriictions where the bre^i 1th u is not small, the transverse sections bend with a double 
curvature; the sliding may then vary notably U|M>n this brciulth. 

Om/trui^ms ~-<>ue interesting application of the tlu^ory of flexure, is that to continuous 

lN*ams for briilges of several spans. The reactions exerted on the piers are external forces, which 
enter into the Umding moment and the shearing stress. The difficulty of calculation of these 
reiiirdtons arises from their being de|>emlent on the change of form ; it is evident that, according to 
the way in which thi^ eontiriiious beam undulates iindiT the loails, it may more or less rtdieve, or 
even qiiit altogether, eertiin supports in order to press more u|>on others. The al>solute lifting oft' 
the 8Up]Nirts Iming only an exceptional case, it is adinittcxl as a fundamental hypothesis that all the 
|)oiiits of the mean ffhre corresjK>nding to the piers and abutiiu'nts are comiKjllL^tl to remain fixed, 
and eonMH|ueiitly, for a stmight horizontal lnwn, at the same invariable level; then the case of 
lifting off a suppi^rt W’ould be n^veaksl by a negative value of tho reaction, a value which would 
indicate the nwessify of applying a counterweight, or an uuelioring down, or making a now calcu- 
lation by suppressing tlio useless supisvrt. 

One of the earlu*st applications of tho modem theory of continuous beams to practical engineer- 
ing pur|K>s4»s was madt* by W. Pole in 1850, ami will Ik* found reeordcil in the M. I. C. E., vol. ix. ; 
these calculations, corroborated by ex|>eriments made on a |>nrticular bridge, demonstrated that tho 
mlverse opinion of an iiism-ctor was erroneous, and proliibition to oj^n the bridge was witlidmwn. 

The tliwry was further develofKHl by l*ole for the pur{H)8e of application to the Britannia 
Bridge, and the calculations were given by him in Clark's work on this structure. 

Admitting <v>mbinations of load, of such a nature that tho various spans carry loads uniformly 
distributcHi, but variable from one span to another, tho equation of Clapoyron, w-liioh conucots tho 
bending immient iqion thrtMi oons<‘cutive supports, resolves tho problem in a convenient inaniier. 
Bresso has oxteiideil and cnlargtMi this subjivt in the third pfurt of his ‘Mt-canique Applique^,' and 
he Iwvs plaoi^d tlio results within the roach of all practical men by means of un atlas, ready propircMl, 
of diagrams of tho maximum bending niomoiits at all {>oints. These only require a very simple 
transformation In the |iarticular apnliontion; they only assume certain rolatious between one of tho 
two oxtrome npans, which arc iHpial, and one of the inU*ruiediate spans, which axe also equal among 
themselves, but as tho absolute lougtlis, ivs well as tho inUuiaities of the jiermanent and variable 
load, remain arbitmry, it is m^cossary to amplify tho diagram accortling to the particular data, ami 
at tho same time to combine tho ordinates of tlio permanent loml and of tho moving load or snr- 
chiirgt*, on tlio same sldc^ uf the axis of the abscissa), in order to facilitate tlie comjiarativo application 
of the momoiitu of resistance. 
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The long calcnlotions for bridures of many spans are tlieiefore simplified, or even rendered 
unnecessary in ordinary cases. But tiie two following observations dictate a certain reserve in the 
application. 

Tlie formula of Clapeyron assumes the moment of inertia of the beam constant throughout its 
whole length. A more general hype^theeis would render the calculation inextricable. Now the 
object is precisely to arrive at a considerable variation of the dimensions of the transverse section, 
by making it proportional to the magnitude of the stresses. When this alteration is offeett^ tho 
calculations are no longer exact; it would therefore be desirable that tite theory should enable ns 
to overcome the difficulty of the general cose. Accortling to the analogy of certiun simple cases the 
adoption of tho Ixiam of equal resistance would only tend to augment from ^ to ^ the moments upon 
the supports, and to reduce slightly those at tho middle of the si^ans. On this account tho thic'k- 
nesBcs in the neighlKturhocMl of the piers should be slightly increased. 

The hypothesis of |>oint8 of support maintained at an invariable level is the most legitimate one 
upon which the formulas can be established ; but it must not be overlooked that the practical 
realization of this condition is scarcely under control, and if it is not entirely fultilled, tho calcu- 
lations are incorrect. In every practical case we must expect slight irregularities or suhstHjjUeut 
changes which alter the original regularity. Besides, even if the piers were matliematic^illy 
levelled, we could not be sure that the beam sliould be so |)erfectly constructed that this mathe- 
matical accuracy should express its natural shite previous to the action t»f the loads. It would seem 
that in order to acquire an exact knowledge of the conditions, it wimld be n(‘cessary to ascertain 
experimentilly, the reactions exercised by the various piers, in order to coiiqiare them with those 
given by calculation. 

Lattice girders may present, acconling as their liarsare more or less clo.se, all possible gradations 
between a s^te f>f rigidity similar to that of a solid side, and the state of a simple assemblage of 
jointed bars. Under the uncertainty that the question proB€?nts, it is customary to calculate 
lattice girders on the principle of jointed systc'ms. The stiffness of the conne ctions, which is 
neglecUnl, apiirars in general to supply an additional guarantee of stability, assuming tbat the 
flexures are very small ; for otherwise, the curvatures generated might falsify some of the results 
and cause increased stress on some of the bars. 

Knpturc imminent Flexure , — When the elongation 5 of a fibre Ixjcomes t'XeesHivt*, the Umsion is 
no longer expressible by E 5, it is an unknown function / (^'). If the most exl€*!idtxl fibre, situatcnl 
at a height v’ above the neutral axis, is stretched to an amount 5 a unit of length, any fibre what- 
ever of the ordinate c will lengthen a quantity = ^ Calling u tho variable breailth of the 

transverse section, and marking the cximprcssed parts with the index 1, tho symbols r, lieing 
negative r*s, the equilibrium of translation of the section first requires 

% % 


Then, in order to maintain the equilibrium of rotation against tho bending moment ^ wo must 
have 

(Jr). 

0 o 

M. Barre' de 8t. Venant has proposed to make 


for the stretched side, and 

/, (Jr). B, 

for the oompresfl^ side, R and R, being, Fig. 1747, the stressors of ruptnro for tension and com- 
pression, at the distances V \ j from the neutral axis. These distances would be diminished hi r, 
and r'j, at least one of them, at the instant of actual rupture. The exiionents m and m, would be 
numbers > 1. 

If it is the extended fibre which threatens to fail first, and it becomes necessary to limit tho 
tension to a value R', we put 


wRv»/ tn — 1 e' m — 1 m — 2 

V V 2 ’ V ~2 3~ • 


) 


Further, since experience seems to show that a similar law of proportion regelates the small 
tensions and the small compressions, it is desirable to unite Ungentially at the neutral axis, tho 
curves represeuting the tensions and the compressions of the fibres. This condition requires that 


dv dVj 


for V = 




= 0 , 


or 


m B _ m, Rj 

v~~“vr' 
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Cortain authors omit tli© condition just mentioned, and rnako the stresses vary uniformly, but a 
different rate for tension and for compression. Then the fig^ire rcpresentiiiff the pressures, Fig. 1748, 
will present a break upon tlie neutral axis ; the two volumes shuded are equivalent by the condition 
ol e(|uilibriumof translation, whicli determines the situation of the neutral axis ; and if the section is 

a rectangle whose breadth is = a and height = h, the equation of resistance would be /u := R' ~ , 

1747. 



lower fibre wliioh ought first to fail. In every case the moment of rc^sistance exceeds the value 

ft /i® 

R' — , which would bo attributed to it by the ordinary theory. 

The non-uni fonnity of the variation, or the adoption of the condition of tangential union at the 
neutral axis, ns alxive menlionotl, will als > contribute to increase the moment of resistance. If, 
for example, it is the extended fibre which ought to give way, and if w^e admit the neutral axis at 
half tiio height by inuking 

V = t', R = R', m = R = R,, V = V„ 

we shall have 

a /i* 3 tn (m + 3) 

■ 2(«. + 1) (-» + 2) ■ 


For ci\st iron wc may be led to admit the law of uniform variation on the side of comprcpsion, 
th it is, to make =: 1, leaving m undetetmiind. Making, fmther, V = r', U = R', we shuuhi be 
led to 




m <t 

It' 


\ m 4“ ‘-i 
f5 ( 2 + 



4- 1 )* * 


C‘ mpoftwl 7>c/or/mifiVm.v. — Any elastic wdid may bo subjected simultancoufely to strc.'iscs of 
pre«Hur»*, hheariiig, fiexur<?, aud torsion, which, in comhinatioii, may cither incrcusc or <limiiiij>h their 
ri'«[>e<’!ive acc«»rding to the nature of the casi^. 

Jh'I 1),, I>w ('fi. Fig. 1743, 1 h- a eurve<l stdid whoso section varies slowly. In order to study 
the olaHtic for<*i-K dev<*lo|H*l on a section D,, we iNiiisifler the actif»n of the external fences applied 
iM'twi'eii (\ It, and nm*, C,# Dm, of the extremities of the 
solid. Thesi* forces may pr(Hlm*e, Hiinultaiieously, uptm the 
Bi'eiioii D, a longituiiinnl stress = N, i)cr|H)ndicuhir to 
(3, 1),, a shearing stress = F, a bonding moment = and 
a moment of torsion — It will then be necessary to make 
a <N)m}>o.sitioii of the various motions i'Xcitcd lij’^the diffi reiit 
raum*rt, in ord«»r to obtain the final «lisplaecmcnt of the 
Kectiou C, 1),. The slu>aiiug stress F, and th© moment of 
torsion fc' would rt*quin?, in exactness, that wo should toko 
account <»f the bending of the sections; but, attributing to 
them a slight inlliience in the probh*m, we shall eor.Umt 
oiirse1ve.s here with treating them as uiiiform shearing and 
eylitulricul torsion. When w'e have expressed the elementary 
disphu*ement of a s*^ction, it will he necessary to accumu- 
late <»r integrate all these, displacements iHjtweiai an initial si’Ctiou D„ aud that C, D, whei'e we 
stop, in ord<»r to asc*eptain the definitive situation of thi.-^ latter. 

Let us now reftw all to a system of rectangular axes 0.r, Gy, Oc. The index 0 will charac- 
t('nz© the initial point G* of the'meau fibre, and the index 1 the fMunt G, under consideration. The 
sign ^ will indicate the increments; thus A in the disploeement, in abscissa, suffered by the 
point G, in virtue of its deformation. I^et ff', and 3 bc^ the respective angles which the axis 
of flexure or of rotation of tho section mtikes with the co-oriiinate axes 0.r, Oy, O^, and with the 
piano of tlio moment m- I-ot F*. Fy. F#, lx> the pnnoctions of F on tlio axes ; 1 the moment of 
Inoriia of the section reforrtid to the axis of flexure ; r its i>olnr moment of iiu rtia round the centre 
of gravity; i» its area; E and G the mo<lu1i of longitudinal and transverse elasticity; ds the 
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elementary arc of the curve Go G, ; and finally mo, m o, and m\ the components of the rotation 
experienced by the initial section C© Dp. The displacements of the point G| are expressed by the 
formula) ; 

A x. = A r, + (r, - O - (y. - ».)»•”. +J '(il^ 

r ^( / m' d»/ u sin. fi cos. x / m' s^r\, $ co^ 0'\\ 

{o. - O [if. ^ — ) - 0/. - y) (ey, + Kl )l * = 

*0 

A ./. = A y. + - ^.) - (*'. - ^.) ”*• + / iS^ + o-i py) 'J 

yu 

. I V V / m' dz ;* sin. fi coa 

+ J + — ) 

»o 

A M = A ^. + (y. - y.) - ( '•. - ■'•.) +J + 'J *) ,/ : 

p'f S / /*' . ft Kin. 0 c<-a. e\ 

+ J {(-/. - .•/> (^.-p + E I- } 

*0 

/ x/ m' dy M>hi. 0'\) 

If. an elevation of temperature produced a linear dilatation t, we slnmld take account of it by 
adding re8j>ectively, to the fir^t members of these three fijrmula), tlu^ terms 

T (jr, - Xo), T (y, - y<,) and t (e, - ^ J ; 

but at the same time it would be m ceasary to intro<hice into the C'jstimjition of N, F. Mj and UiC 
forces wliieh wouhl n-siilt from cxtenial obsticlos opinisetl to the dilatatirm, 

Ih'bides tht; disj»lacement of tin* |xniit G, it is neces««iry also to H.'Ceitain the* rritation sulTered by 
thf C 7 >rresiK>nding section C| D,. The components of this rotation, in ll»e dirietioit of the three 
co-ordinate axes, are 

m, -m„4-J VtO' + El 

Xo 

, , m' . M fin. cos. r/s \ , 

,«, = m.+J + 

y» 

„ „ u sin. fi cos. f?" «/^\ . 

.+J ((,E+ - Kf ./*)'''■ 

»0 

The most useful application is that to the arches of inetnl bridges. There is lin n no torsion and 
even the shearing stress F may also lie rn glcctecl a** of slight intliience. More 4 »ver, the foros are 
weights all acting in tin* plane of symmetry of the arch, and the deformation is plane ( A <»)* 
The span, = *2 a, of the arch is sup)s»fs’<l to la; maintained hivariahle by perfectly sfnbU* abutments 
We tlierefore- annul, in the expression of A x,, the quantitk^s A x,, A x,, y„ y ' and x • we make 
X, = 2 a, sin. $ = co«. 0"' = 1, and we arc led to * ’ 

0 

When a point of the aeclion of o jK.li.l is (rahjcct« H. wmnIteneonHiy, to a lonjfitii.linal c xtonai.m 
*f. «'“* •>' » lateral ext. nHion 8, normal to tlie |.r.-c,.«Jins, inul U. a tnni»verwi 

r-l.cliTjK ./, those efte-cts combine in a rcsiilfcmt slrctcl.inK, which is variahlc in the .liftV>mnt awiirn- 
aWe diroctions In one .lirwtmn r, mukiiig on the jilonc x ./, an aiiKle a with the loiiBiludiiiiil axis 
of X, the elongation, which is supfioscd small, is cx]»resso<] by ^ 


fjL sin, cos. 0* (I $ 


K)"-- 


Zr ^ dje cos.* Cl -f sin.^ a -f 7 sin. a cos. fi. 



MATERIALS OP CONSTRUCTION, STRENGTH OP- 


896 


The maximum takes place iu tlio direction determined by 


tan. (2 a) = 


and its value is 


5x *— ’ 


i (5* + Sj/) + ^ (B» — By)* -h r/*). 


If By is only the lateral contraction — /i B*, caused by the extciiHion Bx, the* maximum resulting 
elongation will be 

Bx + J VTTTTy^ 


The vnlue of k has little influence; admitting ^ = }* the formula will be 


t 8* + J VifJ + i/*. 


R 


Thus, in order to conflne the maximum stretching to a given limit ~ or , it will be necessary 

iii 2 G ^ 

to put 

(1 - A)EBx . ^ /(T + A)® K* 8*x 7 , 

2 K ■ ' v 4 U» + X* * 

for nil the imints c.f tlu! solid ; K is the piven limit of tensile stress nnd T that of shewing stre.-s. 
If Uu'bfMly in flbroiis in tlie longihidinnl din ction, the formula holds gfxsi with a simple alteration 
of the value of providcMl that the texture is the Sfinic in all the transxerse directions. 

In the* eas<* where the botly is only subjected to u longitudinal tension N, aeeompani«xl by a 

sluiaring stress F, the former of these forct-s, considered as isolatt d, rtiqnires a seclion &>'" = ~ ; 

F 

the other demands a diflcrcnt area for example, w'' = if the section continues plane, oi 

:i F 

w" = ^ for a thin rectangle Ixmt edgewise. Then the equation of cohesion would leati us tc 
^UhIucc from tliL? tin* effective area tu suitable to the two stix^sses su|>eriK>sed ; that would be 




(1 4- 4)* w""- 


I / 

4 « 


, N 


If N were a conijiression, we might make w'” = being about J, and wo should Lave 


SnpjioHC, iu addition toN and F,a l>ending moment ft acting in the direction of a principal axis 

fi 

of iin rtia of the siretioiu The groatost extension is— — 4 accompanied by a slidin» 

E 1’-* 1 

K 

y — ■ , atlinitting the «iho inhere the w^ction is prescrvtd plane. If we calculatctl the section 

O w 

F X 

for F alone, wo should make it w" = ; supjxteing N be U iision, we should make w**' = ^ ; or 

if N is ct»mpreBsiuu, = A' ^ ; flnally the flexure f^ l)eing isolated, would require a moment ol 

inertia given by ft = R - . We write here t?'p, and not v\ because the dangerous fibre may 

* 0 

fit>t Ix^ the same in the cose of simple ft os in the compound case. Then the rfft'ctive section a? 
and its cfl’i*ctive momont of iiK-rtiu I, ought to satisfy, iu the eomiKiuud case, the t*qm\tion 


N being tension ; or 


(l -- - Y") (l 4 ^ - ^ 4 A j"*!) = "7 

\ Ctf I fp / \ Of I Cy / 


N lacing comprosaion. 

In a Uxitii which l>ends frindy, with distortion of the sections, it suflicos to attribute to the section 
the strongest «if the dimensions nypiircd snoces^ively by the flexure alone and by tlie sliding alone. 

The Un'^'iry may Ik» ext<*ndtd tt* the ciiso W’b«?re tlie coiiti'xture of the body varies symnielrically 
rountl three reoiaiigtiliir pbiiies, but we will |)as8 over this case. 

Different streams, combined, may weaken themselves mutually, in.’^tcad of magnifying iliem- 
fielves; thus a transvers** compn^ion may allow an angineiitation of longitudinal strotebing, as if 
it fllleil the empty spaces lx*tw<H>n the moU'Cules which art' dt termim d by this stretching. 

An application which tioeurs in onUniiry practice, is that in machinery of a round or square 
shaft, which is at the same time subject to forces both of torsi^m and bending. 

l 4 }t it first be a cireulur cylinder, of a texture uuifoiin transversely. This cylinder, whose radius 
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= r, is twisted by a moment ft’, bent by a moment ft, and further is stretched by a longitudinal 

2 

stress N, The torsion ft produces a sliding' = 'q the theory loads to the following equation 

for the fibre the most strained. 

("■ - *k'- )[’■'+ fi ■ 

R 

R designates the maximum working coefficient of tension* ^ that of compression, and T that of 

shearing. Calling r\ r", r'" the radii which would suffice rcsi)ectively if tlie sliaft was only bent, 
only twisted, or only stretched, that is to say, 

3 / Ti 




ifi „ •/2m* / N 

R’ *' “ 'V "\/ ir B’ 


the equation of resistance, which determines the effective radius r, may be writlen, 

(r» - r r"'* — r'*) (r3 + r^) = r"«. 

/7/~n 

If N" were a compression we should make r'" =/v / equation would l>c, 

+’^-^ =F (r» - r r"'» ± i* r") = r''*. 

The upper signs belong to the upper fibre, and the lower ones to the lower fibre ; for it is ono 
or other of these fibres which is most threaten^. The coefficient // having little influence, we may 
take it = 

For a revolving square shaft, twisted (/n*) and Wnt (m)» the flexure will be genenilly pro- 
duced with deviation which oomplii'ates the problem. St. Venant has given a table of the* results 
for a series of positions of the shaft. If the flexure predominates, the diagonal position is the most 

R c* 

dangerous, and the side c of the square is determined by the equation = 6 2. If, on the 

contrary, the torsion prevails, we must consider the instant when the sides of the section are hori- 
zontal and vertical ; that is the dangerous case when ^ ^ is greater than 1 * 037, and we then take. 




Cfmhtnaiion of different Matcruits. — A simple joiiite system, analogous, for exarnplts to the simple 
triangular fniroing of the Crunilin Viaduct, as originally constructed, may admit without incoine- 
nience the combination of heterogeneous maUrials ; for examples east iron or wo«xi in the cofiiprosed 
bars, and wrought iron for the ties. Each piece, in effect, is free to apply its ]M»wer, with the 
modulus of ela-ticity profK^rly belonging to it, without riak of invoUing other pie«‘es Iwyond Uitur 
limits of strength. But, in the ordinary cases, more compH< atf‘*l, it will often la- dinicult to make 
the heterogeiK'Ous members work well togetlier in such a manner ns t«> utilize them all in the la st 
]>ossib]e way, and within the limits suitable for thcuii res]H*etivoly. The formiihe of dc formatimi 
must lie referrt-d to in order to a.^certain whether the play of a j>iece is limihil by its c-^irjurction w ith 
another. If, for example, we split a woo<len b<-am in order to strengthen it with a vertsc.il web of 
plate iron eneloscxl and pressetl Ixitw'een the parts, it will Ik? neressiiry to estabiish a suitable ratiii 
iKitw'een the <lepths of the wotjd and of the ir*ju, if we desire that each of the two materials may bo 
strained in given degrees. 

iJyn^tmical or Liciritj ^ Jicsistmee. — The rtjsistance of solids expose d to sluicks or vibrations is 
scarcely treatwl, in the present ^‘taU* of science, by any fdher than f'inj>irical rules, which am<mnt to 
a reduction of the value admissible for the coefficients of safety. The mo<Je of r<-sistance, prr»perly 
speaking, is always the same ; the difficult fioint is solely the determinutic»n of the greatest strea-es 
acting on the material. 

Let ns consider a cord holding a Vjdy in its fall. At the moment wlien the cord bf comes 
stretched, the movable body is animated by a known tis rim ; and at the end of an instant the cord 

elongates by a quantity exerting an increasing effort F, of which the work/^‘ ¥ dz has extin- 

0 

guished the vis vim ; tlien the motion is stoppetl, or rather, there are prwluced thcnceforwanl a 
nnrnlxT of inverse oscillations. Ix-cause the elongation z, is bjo great to maintuiri a simple? sUttical 
condition. If the variable stretching z of the a>rd or rod remains but small, the tension F may l>e 
¥1 tff z 

expressed by - ^ , E being the ra^xlulus of elasticity, the section of the rcxl, and / its length. 

Then the resisting work is 






In order to verifff the strength, R will snfflee to equate this exprcfwion with the wa viva which 

rork F«, of the weight P of the bexly during the 


expresses tlie shock undergone, ^ded to the work 
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stretching, and then to show that the elongation a linear unit deduced from the equation does 


not exceed the limit admissible consistently with safety. If there be no initial shock, the body 
being set free without velocity at the moment when the cord begins to stretch, the elongation of the 
latt()r attains double the statical amount. 

When a rail is tested by the shock of a falling weight, there occurs a phenomenon which is com- 
plicated under two points of view ; in the first place, because the rules of mechanics only give a 
rough idea of the maximum intensity of the reaction developed by the shock ; and secondly, because 
the test, in order to be conclusive, ought to be extended to near rupture, beyond the limit of elasti- 
city. Hence it must bo left to the province of direct experience to decide the legitimate intensity of 
the shocks that should be prescribed. Certain observations made on bars of cast iron have appeared 
to show that the shock of rujiture depends solely on the area of the section, and little or nothing on 
its moment of inertia. This is a fact that requires explanation. 

Certain mechanical organs which are constructed expressly to receive shocks, such as hammers, 
for example, cannot pretend to the conditions of resistance applied to objects less strained. The face 
of a hammer will necessarily undergo a continuous work of permanent deformation or gradual 
drawing out ; that is a question of wear ; the remedy consists, less in the dimensions, than in the 
durability of the metal employed. 

Blight viVjratory movements should bo viewed differently from shocks properly so-called. They 
produce actions le*8s intense or loss concentrated, bnt they are present in all machines, in bridges, 
and other structures. Tlicy affect, therefore, the majority of ])ermanent buildings, to which the 
theory of strcngtli is ap]dic*d. But unfortunately the laws of these; p<*riodical motions 'are so compli- 
cated, tliat it will lie a img time, without doubt, before any of the results obtained by theoreticians 
becojiK' available in nractico. 

In principle the aifference that exists lietween n question of dynamical resistance or elasticity 
and the same question viewed sttitioally, rests in the intro«Uiction of the forces of inertia. Then, 
acooniing to the theorem of D’Alembert, there will bo a fictitious equilibrium between the given 
apiditnl forces, the molecular stresses developed by the stretching of the fibres, at the instant con- 
siuerc'd, and finally the forces of inertia which depend on the actual acetderation of the motion. 
Hence we cannot escajm the necessity of con- 
sidering the law of this inter molecular move- 
ment. Scientific researches on vibrations have 
Ikh'Ii made by various uiithr»ra, especially by 
Phillips and Bresse. 'We will indicate the re- 
sults of an interesting case, considered by Bresse, 
that of the transverse oscillations (»f a beam ; 
this case will at Iwist show the complex form of 
the expre ssion, 

'Jrangrerac for a ffom<Kjcncofis 

of cousiaiit section, plac^cil on two sup{x>rts A 
and B, Fig. 1750, and carrying, a running 
metre, a permanent load /», and a movable 
surcharge or load The support B exerciser a reaction = Q ; the support A is taken for the 
origin of the co-onlinate axes A -r, A y ; the length of the Warn is = 1. In the statical condition 
the ortliiiate of flexure of the mean fibre at the ix>int M, whose ahscissji is = x, would bo ’ 



h;>') 


X (.r* -f /> - 2 ; X*) 

* 24 


E Ijeing the modulus of elasticity and I the moment of inertia of the section, assumed constant. In 
the case of motion, the* inertia would intervene. An element d x„ of the portion M B would have, 
in the time f, a fon«5 of vertical inertia 


r 4- 
0 


dx, 




whore g designates tlie acceleration due to gravity. Further, the proper mass of the element 

would have sustained a small robition whence the angular acceleration — 

couscqucnily, the couple of inertia 

> r’ c/ X, fP f/, 


djt, flP 


The letter r designates the nulius of gyration of the seoiion. The bending moment is then 


El 


d* y 



1 

r; dl* / 


(.r, - J)(i> + p')dx, 



<^/i_ 

./X, d ~ P 


dx, - QC/- 


X). 


Differentiating twice, we get rid of the signs of integration and of the reaction Q, and wo have this 
equation of the partial differentials of the fourth order. 


£1 


d^y 

dx* 


= CP + />') 


1 pr^ dVv ^ 

gdP/ g 


n M 
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We arrive at the intejrration of this equation by means of series. The arbitrary qnantities 
introduced are determined by the conditions of the problem ; and espeoiaHy according to the initial 
state in wikieh the beam is considered. It is clear, for example, that if this initial afate is that 
capable of maintaining the equilibrium, no vibrations would bo produced ; for the h>W8 of inertia only 
exist, by the liypothesis, through the fact of a primitive anomalous state, which compels the 
molecules to seek their equilibrium; in pursuing it tliey pass alternately on one side and on the 
other, from which circumstance the vibrations arise. Let us then suppose to be gven the fu^tions 
0 (;r) and ^ (j*X which represent respectively the ordinate of flexure y and its differential ooeracieiit 

^ in the initial instant, < = o. By making 

. x(x* + P - 2/x*) ,, . 

(j) — (P + P ) 24 E i ^ 

tl,e„ and the integral which will expross the Tarichle flexure y nt every 

P + p' P + P' 

. (x» + P-2/x*) 

,/ = 0 + p')x 

n I = » / iwx I* ir* A* t r \ \ 

+ ^ 2 ( sin. — . cos. -7- / W I 

t=:iV i 4 - ^ 


i* 1 


^ ir- 4? . = l\ 


? 4. r* . i irx 




r* . 'ir-r \ 

. — : : I sm.—p-<J-(x)dx)- 

iJpiPb^ + n.i ‘ ' 


The sums 2 comprise an infinite number of terms, the quantity 1 taking aU integral positive 
values. The duration of the period 


21 


= — riVi«ir»6» + P 

w A* 

varying with i’, the movement is not periodic, but is profluced by tlie superposition of an infinite 
number of ix'riodical in(»veraent8. The strict periodicity would obtain in the case where p wouhl Us 
null ; then the duration of the oscillation wrouldbo 




KI;/ 


If the beam i.s taken without deformation and without velocity at the origin of tlie time, that is 
to say, <p (x) =r y (x) = o, tlie equation of motio:i is reduced to 


——V = X* + P X - 2 /x* 
P 4 -p 


90 ^ * 


1 . 1 

— sin. . 


IT* A* t 


I ir2 4 ’ 


the sum 2 only extending to the unequal values of i. The motion is nearly pericnlic, by reason of 
the quick convergence of the series. 7 'he maximum deflexif»n, thus prtKluced by the sudden 
appl icatifin of a loa<l witlumt velocity, reaches double the amount of tlie statical deflection. 

Wiien it iswi>h<.'d to consider tlie influence of the velocity r of traiisjKirt, by which the extra load 
may be moved fihiiig the >>eaTu, it must Ijo remarked that this velocity is equivalent to a centrifugal 
pressure, nearly vertical, in consc^quence of the curvature of the traj€»cb)ry which the m<»vnble Ixsly 
is led U> follow on the bent bc*ain. The calcula ion shows, that under the centrifugal action alom*, 
the maxiiiiurn bending moment might rise to 


( + //) 


Kir/ 


( 


COS. 




1.7 


■> 


instead of the statical value — , on the hypothesis that the moving ksid is renowi-d at oxig 

extremity in proportion as it leaves tlie Ixram at the other. I^mctically, it might l>c ailmitted, that 
the rolling vehxjity increases by aliout oiie>t!iird the stati(*al effects. 

In conclusion, it may be remarked, that the tln^ory of the strength and resistant of inub rials 
touches ols^ciire prfiblems of the physical constitution of boflies : and yet its practical charaeb'r 
obliges it to f,e simple. Another motive, also, justifies the departure from rigornus exactness, that 
is, the irregularity of the material facts; if it is goo<l, in efftict, to aswiciute mathematical science 
with physical fdjenornena, it is incontestable that these two elements, one always logical, the other 
often capricious, are often divorced from each other. It is on the latitude of the coeftlcients 
admitted in practice, that the foundation of st ciirity rests, destined to provide IkjUi against the risks 
of the material used and the errors of theoretieal hviiotheses. 

Gaudard states that he has only endeavoured to lay down the most general theoretical ideas in 
seeking to bring b> view the hoses more or less controvertible of the formulas adopted. It is in 
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reality necessary to wei^h well the value of those bases, in order either to appreciate the modifica- 
tions to bo observed in their api>Ucation, or to discover improvements in them. 

In spite of these imperfections, the theory of the strength and resistance of materials in its 
present state, constitutes an admirable and useful doctrine, which ought to be better known by tlie 
maiority of constructing engineers, so much does it tend to impress boldness and elegance on designs 
of all kinds. 

MKIIGURY. 

The deposit of mercury worked at Almaden, in Spain, consists of three parallel and nearly 
verticAl beas of grit or quartzite, impregnattKl with cinnabar. The length of the workable portions 
of these is 150 to 180 metres, and the thickness of each is from 3 to 8 metres. Their direction is 
appro. 'iniatcly east to west. The most southern is termed the vein Ban Pedro y San Diego, and 
the two others, which lit^ close together, are known as San Francisco and San Nicolas. The vein 
San Pedro y San Diego consists of a wldte grit, regularly impregnate<l with cinnabar, which gives 
it a heaulifiil vermilion colour, particularly towards the western end, where it is richest. Towards 
the west, the deposit ends abruptly against amass of schist. Towards the east, it Ijecomes gradu- 
ally poorer, and piisscs insensibly into ordinary white quartzite. The eastern end also b^^omes 
|>oorer in going down ; so that the rich portion forms, in the deposit itself, a c^dumn dipping to the 
we.'it. The grit forming the veins Sau Francisco and San Nicolas is black, and hanler, more 
CMniipact, an<i less regularly and h*8s riehly impregnate*! with cinnabar than that of the other. 
The Ix'ds of grit rich in cinnabar are contsdned between other barren beds, in some jdaces of schist, 
and in t>thcrs of quarlzito. 

The mine is work*«l by ten levels, of which the lowest is aljoiit 280 metres IkjIow the mouth of 
the San Teo<loro shaft. Tlie first four hovels, down to 140 metres from the mouth of the shatt, arc 
ruinous and inaccessible. 

In the lower levels the dej>osit..H lK*c*)me more exten.sive, thicker, richt‘r, and more regular. Tlie 
veins Sun Fran<*isco and San Nicolas apfiroach <‘ach other in goitig d<i\vn, anrl in parts join into 
one at Hie ninth level, the lowest at winch they have Ixjcn worked ; and bith approach nearer to 
the vein San Pedro y Ban Diego, so that it seems likt ly that at a still greater depth they will all 
join into one nins‘<. 

At the fifth level, winch lias now Ix-en long worked out, the ore was of very inferior quality. 
At the sixth it wa.w chiefly [loor ore, eontuiuing 1 to 7 or 8 per eent. of mercury, with a few niasst^s 
of iiie<liiim ore,” containing 8 to 20 j>er cent., at the emds of the veins San Francisco and Sau 
Nictdus. At the s<-venth level rich ore apjM^ared. containing over 20 per o^ nt., and in some 
instances as much ns 80 or 85 jn r cent, of mercury ; anrl the pro|>o!tion of this increases in going 
lower, until the tenth tevel, s<i fur as it ha.s been ojxuied, yiehln nothing else. 

When iue<lium or rich ore is calcine*! so as to exi>el the sulphur ami mercury, the silice<»us 
residin' left is {>orous nuti fiiahlo, or even crumhU*H into sand. A is)rti<*n of the suh^taiic** of tlie 
rock sei'ins thus to have absolutely disappeared, ami to have l>f «*n replae« <1 by cinnabar. 'J’lie 
IK^rioil nl which the cinnabar was thus introiluced cannot l»o det» rmineil with any appro icli to 
certainty. Its intro<liictir»n was evidentl)' not couti niiKimr}' with the <leposition »>f the Silurian ami 
Devonian he<ls in which it occurs, and dates probably, liki' that of the ci/mabar fiunid m the 
Palatinate, an<l at Vail ata, near Agordo, from tin* clots.- of tin* Permian ep(K*h. It is thus distinctl}^ 
older than tin* I<lri:ui <lejK>sit of cinnabar, which is regarded as belonging to the I'riassic iH-riod. 

The wr>rkingH of the Alniadeu mine c^>minunieate with the surface \>y tliree sliaft>, of which one 
is sunk to the <lepth *»f the tenth level, and the others to a little bc*low the ninth. 

The up|K*r lev* Is are at irregular distances a]nirt ; but in those recently driven, the depth from 
one to the next is lixe*l at 25 metres. 

The method **f working now in ns*.' was adopted al>out the yt*ar ISOt. Its es.'^ential fe.iture is 
the use cross arches and walls of massive masonry, to support the sides of the excavations when 
the ore has In-en reinovtd. 

When* the veins San Francisco and San Nicolas come close together, tlie ground between them 
is entin‘ly ix*movo<I, and the main arches are turnt'd from the south wall of the tuie to tlu* north 
Wall of tin* other. 

The work utiilerground is nearly all <lone by eontmet. Ilotwreon 700 ami 800 men are employed 
in tlie mine in the course of each «lay, in six-hour shifts, hut tlie wliole mnnlKT engjiged is much 
great<-r than this, from 2250 to 2500, as the men do not, on the average, work inon* than one shift 
of six hours eveiy lhn*o liays, and tliosi^ oc*cupied in the work that is most injnri<nis to health, tlie 
miners breaking out the ort*, ami the masons engaged in uudorground walling, di> not work more 
than one shift in five or six days. 

lUitil 1873, tht* raising of the ore in the shafts was done wholly by horse-power, the only engine 
in use having an old pumping engine, by Watt, erected in 1701. There is now' a good w imiing 
engine at each of the three shafts, two btdng used for ore anti matcrals, and the third for st nding 
up ami down the men. 

The aiiiount of pumping requin‘d is very limited, the quantity of w’ater raiseil K ing only from 
15,840 to 18,480 gals, in the twenty-four hours. It is lifteil from the seventh U vel by the winding 
ongiuo of the priuci|ifvl sliaft, and so much as conuis iu below this level is pumtK^ up to it by 
hand. 

'f'lie ventilation is effecteil by natural oircitlation, aided, espocially in summer, by a Gtiihal fun 
at tile top of the ut>cast shaft. 

The or© raised contains on the average 7*5 to 0 per cent, of mercury. It is sorted by hand into 
three classes ; — 


Metal ooniaitiing from .. 21 *5 to 25 per cent. 

Ohina I,, ,, •• •• *. f» ,, 7*«> „ 

Solera „ „ .. 0'3 „ 0*8 „ 
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MERCURY. 


Two forms of furnace are in nse ; the Bustamante furnaces, introduced in 1G88, and so-called 
Idrian furnaces, adopted about the coiumcnoemcut of the i>reKcnt century. 

There arc twenty Bustamante furnaces, arranged in pairs. The furnace proper of each consists 
of a vertical cylinder of masonry, 2 metros in inside diameter and G*60 metros high, which is fitted 
with charging openings in tlie side and at the top, and divided about the middle of its height by 
an arcii of perforated brickwork. The uj^peT part receives the charge of ore, and the lower is tho 
fire]>laco. The fuel used is brushwood. A chimney communicating directly with the firoplaoo 
promotes tho draught, and carries oflT the greater part of the smoke. 

Openings lead from tho upper pirt of £he fumaoo to twelve parallel rows of earthenware con- 
detisers or aludcls. Each of these is in the form of a vase, open at top and bottom, and they aro 
inserted one in the next, to the number of forty-five or fifty in a row, and well luteil at the joints, 
forming twedve small flues, of variable section and with tliin walls. They open at tho end into 
low chimneys, two to eacli furnace, fitted with dampers for the regulation of the draught. Tho 
elmrge of ore is about 11^ tons. Broken stone or jK>or solera ore is filled in, first, on the perforated 
arch, to a thickness of about IG inches, and tho richer ore, first china and then metal, is charged 
upon this. The bacisco is put in last, and tho charging o|)ening8 are then closely luted up. A firo 
is next lighted below, and is kept up for eight or ten hours, consuming 2*2 to 2*5 tons of w^kkI. 
The ore is then sufficiently kindled, and the fire is let out ; but the muss of ore is maintained at a 
r»*d heat by tho combustion of tho sulphur that it contains, uiul continues to calcine s)>onianoously, 
until this and the niorciiry combined with it have been expelled. The resitluo is then allowed to 
cviol, and is disohargeil, and a fresh charge is put in. Each operation lasts seventy-two to seventy- 
five hours, thus divided; charging, one hour; firing, eight to ten hours; calcination, forty-five to 
forty-six hours : ctxding, eighteen hours. 

The mercury condenses chiefly in the portion of each row of aludcls nearest to the furnace, and 
flows from the aludcls through openings 2 to 4 mm. in diameter in tho under side of each, into 
fciiitibTy arranged gutters, and thence into a resiTVoir. Tho aludcls nearer to tho furnace are taken 
up at intervals of days, and those more distant every two months, to clear out the mercurial 

dust or s»x>t that gathers in them. 

The Idrian furnaces, of which there are only two at Almaden, differ from tho Biistamcnto 
furnaces in little except their greiitcr size, and the ft>rm and armngeuicnt of the condensers. The 
furnace is 3 metres in insitlc diameter by T'oO metres iiigh, anti the fireplace is 8e|>aratc<l, as in tlio 
Bustamante furnace, from the chambeV that receives the charge by an arch of perforated brick- 
work. Each furnace communicates with twelve masonri' condensing chamht^rs arrangwl in two 
series of six. The condensers are lined with Portland cement, and the mercury from them is h*<l 
by pijx‘s into a stone reservoir. The elmrge is between 28 and 2d tons, and each ojieration lasts 
SIX days; one for cleaning and charging, one for firing, two for calcination, one for ccxding, and one 
for <li>oharging. 

Tho mercury is led from each furnace to the magazine by a wrought-iron pipe, and is there 
put up for sale in wroiight-irou bottles containing each 34*507 kilos., or 75 C'astihun pounds of the 
metal. 

The loss of mercury in the process of distillation has l>cen dch.-nnined with great care, and do<*tf 
not excce<l .5 jK-r cent, of the quantity contained in the ore treated, in the case of the Bustamanto 
funiacc, or 5*5 to G per cent, in that of the Idrian furnace. 

I'he dejKj^its of merenry in the Unitcil States are rich and extensive, they have been descriU‘<l 
by Dr. T. EgUston, and tho following particulars are upon hi.s authority. 

TIio ores of mercury which are found in California are metallic mercury and cinnabar. They 
occur in large quant itifS, and lx dh of them arc mined and treaU*d as ores. Minerals of mercury 
feciir occaHionaily, such as the selenides, but they are rarely found, and have no metallurgic'al 
interest. Cinnaixir is generally found near the junction of serpentine and sandstone. 

Sometimes r»re is found in clay, as at the Sunderland Mine, and upon Mount Shasta, where it 
CK'curs in seams of clay. At tlie Geyser, New Aljuu<len, Gaii<]alufM.sand thi: outcrop of the Oaklam! 
mine.'i, the serpentine is very mu<*h ilecomposed on tho outside. The decom|>ositiou goes so fur into 
tin* rfx-k that it is only in the large pieces that its real nature can lie seen. This deox)m{> 08 ition is 
going on still in all the mines in the serf^entine, the waters from which, and from the surrounding 
country, contain large quantities of sulphate of niaguesia. 

The randbtone is sometimes very fine and soft, and forms what is called the mud rock. At the 
Gc anic 5Iine the sandstone is so crumlily that it falls easily to p<»wder on being w^»rke<l, so that 
nearly all the ore has to be inatle up into a<lolx:*s, U> which mud has U) l>e added to hold it together. 
Where tlie samlstone is not decomposed, it very often contains considerable quantities of potroleum, 
w hich renders the extraction of the ore more difficult by increasing the amount of soot. 

'J’heseores, especdally those in the sandstone.^, are often found associated with chalcedony. But 
these masses are very irregular in the mine. The rock is sometimes rich enough to yield 3 to 10 
]>or cent., and sometimes more, of mercury. A microscopic examination of this chalcxxlony c<in- 
faining cinnabar, shows that the cinnal>ar is ciy'stullized, the crystals bcung in a grcAt many cases 
doubly terminaie<^i, though to the eye nothing but a red stain is jierceptibio. 

As the serpintine ro<«k is very susceptible of decomf>ositioD, it has often been ihoronghly 
decfjmjiosed on its outcrop to a very c/msidcrahle depth. Where the serpentine has formed cliffs li 
has been w*ashed into the valleys, so that there is a large dejiosit of material from tlie dexyunposed 
rocks. In such cases it will l>e found that what apiMyirs to b<.* nothing more than ordinary dirt will 
contain frequently from 2 to 3 per cent, of metallic mercury, with only a trace of cinnabar; in which 
case it is made up into adobes and distilled. Not unfrefjuently the outcrop of tho rock whore it is 
not decomix>»ed is filled with metallic mercury, so that by striking a pick into the rock, a rxnind or 
more of mercury will sometimes spurt out at a time. Such rock os this is found in several 
localities in every stage of impregnation, from mere microscopic globules up to those yielding largo 
quantities of it, which mfikcs very rich ore; there is, however, not very much of it in any one plim 
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It consequently cannot be depended upon, as it is only found in the first workings. The ore in 
depth is always cinnabar. 

At the Sulphur Bank Mine in Lake County, the ore is found in an extinct geyser which still 
produces boiling water, associated with very large quantities of gypsum and sulphur, directly on 
the shore of the lake. Sometimes there is more sulphur than cinnabar, wliich is a detriment to 
both sulphur and cinnabar, making the sulphur impure, and rendering the cinnabar difiicult to 
work on tiecount of the soot. In some of the early constructed furnaexjs, the accumulation of soot 
from the excess of sulphur has been known to penetrate as far as the blower, and completely pre- 
vent its revolution. In order to get rid of the inconvenience of this accumulation of soot, ns well as 
to get a commercial value from the sulphur, it is now separated hy steam and sold. The ore is 
jnined in an of>on cut, and in several places they have roaehfjd the lake level. Besides tlic rich oro 
there is a very large quantity of poorer ore yielding 1 or per cent., which the sulphur makes almost 
impossible to work. As the sulphur is in such large quantities, it is very necessary that the work 
should be done without iiro, the use of wliich is strictly forbidden to the workmen. 

The ore is divided into two separate categories, that containing a large and that containing a 
small quantity of sulphur. That containing a largo amount is first treated for sulphur in a steam- 
furnace. The upper part, which is round, is made of thick Ixiiler phite Ixilted on to a cast-iron 
bottom. The charging door is hinged, and screwed down with a handle. The lower part is pro- 
viiled with a heavy cast-iron grate, on which the ore rests. The ore is chargerl ujxm the grate and 
the furnace clos<xl. Steam at the teiiifKTature of 230% and at a pressure of 50 lb., is introduced, the 
sulphur is melted, liquah^s, and runs thrf»ugh the grate into the lower part, from which it is dis- 
charged by means of the slfip-cock, which is surrounded by a steam jacket to keep it liot. WJieii 
no more sulphur flows the discharge iloor is opened, and the residue is treated for mercury. 

Tiie attt nipt to eoncentrak* the poorer ore has been made with more or less success, with the 
Frue Vanning macliine. The re.sults of those concentrations arti treated in retorts, of wliich there 
arc filleen or twenty. The fine ore is trente<l in a furiuice somewhat similar to the ohl Idrian furnace, 
but US it is um‘fl for fine ore it is madt* to fall over triangular shelves made of tile, and arranged 
somewhat similarly to the (icrstonhofi\*r furnace. The C/«milenscrs arc arranged as in the oki Idnaii 
furnace, although they arc ooutiuuons. The furnace treats 12 to 13 tons in twenty-four hours. 

Generally tlio ore, as it conn s from the mines, is more or less hand-picked. The atteiujits which 
have been made to treat the orc*s im ehanicaily have usually not l>een successful, and no attcunpt is 
matle to concentrate the ore. Jt is taken us it conus from the mines, and if it contains binding 
material it is made up into adolxs; if it docs not contain any, some must l>c inixtd with it. The 
adolies have no regular size or w’t ight, and are treatetl in the furnace as large ore. 

The imdallurgy of mercury in (.Hlifornia is essentially ditTcrent from that employed in all other 
countries in this respect, that all the furnaces list; fans jdaced beyond the c/>nden>ing apparatus, to 
furnish their draught; this plan not only gives an abmdute control of the dr.iuglit, but avoids tlie 
necessity of employing chimneys, ami prevents the action of the fumes on the surrounding life and 
vegetation. Tlie <vins*'qncnce of this arrangement is, that the draught is always towards the interior 
of the furnace or e<»n<lensiiig apparatus, so that if a crack appears, or a door is left f>pen, lu* fumes 
will csc'ajK* ; caHOS of salivation aie <*onscquontIy very rare. The draught can always be rcgulateil to 
siiit'the working of tin? fiirmuv, or the irregularities of the weather, by changing the vehHMty of the 
fan. In all of tliesc nictluHls the furnace ik*elf is of very much le.ss con8<‘<iueuoc than the condensing 
apparatus, tliougli it sbv>uld always aim to extract the metal from the ore at the lowest possible 
teiiijxraturo, ami to Ik^ aide to work the ore require*! after (he hast jiossible mechanical prepara- 
liuii. It is eonsequetitly on the condensing apparatus, rather than on the furn.ice itself, that the 
grt'ukjst number of exjK^rimonts have been made. Of these furnaces, the one which has the best 
condensing apimratus will be the l>cst. 

The procesiK^s by which the ore is treated are, fir-t, the proce ss of precipitation ; second, that of 
roasting. The precipitation is done in n*torts with lime, and consists of admitting oxygen enough, 
by means of un excess of air, to [>rtMluce sulphate of lime and free mercury. The roasting is either 
done in continuous or non-continuous furnaces which are either retorts, or various kiiuls of shaft 
furnaces. The rt^nction, ns the ore always ctmtains inon; or less moisture, couM>ts in volatilizing 
Iho sulphur, and oxitlizing it so as to produce sulphuric acid, which is taken up with the moisture, 
ond runs to wastes while the mercury biHMiiies free, and is caught in condensers. The furnaces, 
which are not contininais, are a iiKKliiication of the old Idrian furnaoe. Those which arc continuous 
are the Lockhart and the Livermore furnm'es, the latit'r adapted only for treating fine ores. 

There are u groat many varieties of shaft furuaees which are continuous, some of wrhich work 
with wraU'r jackets. 

The only eflort made to sort the oro is a rough aUcm|At at hand-picking. It is generally assorted 
into approximate sizes, over rudely constructed gratings, the object of which is to sepaiat<‘ tiie tine 
ore ns much as (x»ssible, since most of the furnaces w'ould Ik.' clogged if fine ore in any p!n|v>rti»Mi 
were allowcnl to enter them. No issays are made ; there is conse<iuently very little tli'pendenco to 
be placed uix>n any of the statements of the ndvoenU's of tlu' different kinds of furmevs, that tlu-ir 
furnaces actually yield a higher jiercentage tlinii those of their neighbours, or, in fact, that tin y 
yield any given i>ero('ntago at all. The only statement that can lic'rclnHi upon is, that they province 
in twetity-four hours a given nurabtir of |K)Uuds of mercury. The uu'rcury is delivered to tlie market 
in iron ifasks, which contain 704 lb. eoeh. It is accurately weighed in n iMdanco c<in6tructed for the 
purpose, and pourcii into the fiasks. They aro clostxl with an iron screw’ for a cork, which is 
screwed tight with a long lever, and then shipped to the consumer. When the fiask contains moi'o 
or lof<s than this, it is callod an irregular fiask. 

MKTKKS. 

Water meters may l>e divided into two distinct varieties ; low-pressure and high pressure meters. 
The first arc ropresentefl as a class hy those which disehurgo deiinite quantities of water, by 
successive and iutormittent actions, out of iiieasaring chambers of known capacity, into cisterns 
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situated underneath for its reception, tiie mere weight of the water being generally employed as the 
moving agency. 

The high pressure class delivers the water at higher levels than thtwe of the meters themselves, 
and are impelled in some cases by the mere velocity of the current of water passing through them, 
but in most instances by the pressure alone. 

In Reid’s meter, instead of employing the ordinary form of piston, there is a light and easy 
fitting metallic pistfU of a rectangular shape, revolving on one of its edges around tlie axis of a short 
cylinder, while its opjiosite edge sweeps the inner circumference of the cylinder, and moving so 
freely that a few inchi's of water pressxiro is sufficient for its impulse. 

Figs, 1751 and 1752 are vertu‘al sections at right angles of the instrument. The measuring 
chamber a 6 is a cylindrical segment, rather larger than a half-circle ; the index d, within a glass- 
fronted box c, and the conn ter- wheels are acted on by the revolving spindle. 

The piston e is rectangular, and is connected to the spindle passing 
through a slot / in the piston, os in Fig. 1751. One edge of the piston c 
works in contact with the inner surface of the cylinder, whilst the 
op|K>site edge works into a concentric cylindrical cavity of smaller radius 
formeil in the chord side of the chamber. The chord side is vertical or 
inclined, the inlet for the liquid is below the central cavity, and the outlet 
is above it. "When the piston is in the {K)sition shown, the liqui<l entering 
below lifts it upwards and refund the course till nearly parallel with the 
chonl, at which time the lower edge of the piston escain^s from the 
central cavity, and slides down by gravitation over or through the spindle» 
til ns trauAlnting the axis of revolution from one end of the piston to 
the other, when it again ascends by the pressure of the itdet from below, 
while the liquid above is forced outwards by ascending through the 
outlet port al>ovt‘. The opposite sides of the piston at the ends are slightly 
bevelled off, to ensure tiiti piston sliding dowu just before it comes in 
contact with the chor<l surface. 

The xiiston meter. Fig. 1753, and to a smaller scale in section. Fig. 1754, 
invc*ntcd by S. Hannah, of Darlington, consists of two cylinders, wdth 
pistons, which actuate each other’s slule valves. The larger of these 
chaml^ers forms the body of the meter A A ; the smaller, li B, forms the 
valve chest, and is fixed within the other, the vrhole lM*ing made in halves which are l»oUcd 
together at the centre and edges. The side wings of the valve chest contain the suiall charnUT, 
while its centre is oeciipicxl by the valves and ports. All the |>ort8 oi>cn up on one level face flush 
witJi the main joint. The small piston valve K F is double-endeci, and carries the main slide 
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valve c. The secondary slide valve K is provided 
with two bent arms passing through openings in the 
valve fiMMJ, which are cr>vcred wat«T-tight by the 
valve. These two arms, whose positions are shown 
by their luils on the valve, are bent outward under 
the face, and are pushed alUirnutely by the main 
phston at the ends of its stroke. The itulex is of the 
usual giis-meter foi-m, taking its motion from the main piston by ineiiTis of a ratchet. Waiter 
entf rifig at T passes twice through the cylindrical lH^^fo^ated Btruin(3r U, which c<in bo removed for 
cleaning ut any time on taking off the top nut, to the valve chest, filling the space V between 
the two ends of the small piston. There in thus an equal and camstant pre.ssure on the inside of 
both ends of it, its motion bfdng caused by the disturbance of eqnilihrinm, when one end of its 
cliamljcr is connected with the supply and the other with the exhaust. From this chamber tlio 
water is distributed by the slide valves c and K through the ports I J and P D, to thft main and 
8e(*ondary chambers alternately, and is ultimately exhau.sted through the centre ports Q K, which 
unite to form the outlet 8. The action is as follows ; — The main piston, when in the act of com- 
jfl<*ting its stroke, pushes the secondary slide valve K into its reverse position. The secondary 
piston then malces a stroke, carrying with it the main slide valve c, and this reversing of the main 
slide causes the return motion of the main piston. 

The meter. Figs. 1755 and 1750, c<mHi8ts of two cylinders and pistons, end to end on the same 
axis, the cylinders beirtg separated by a narrow space, in wdiieh the levers for working the slide 
valves are placed. The whole of the meter, cxc<3ptlng the two cylinder covers and the valve 
jacket, is in one casting. The water is admitted to and expelled from both sides of each piston 
alternately, and each piston works, by means of levers, the slide valve of its opposite cylinder. 
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Each piston must travel to the end of its stroke, and empty the total capacity of its cylinder, before 
the other cylinder can receive its complement of water. 

Fig. 1756 is a longitudinal section, with one piston and rod in elevation, and the other in part 
section. Fig, 1755 is a cross-section through the level chamber. Fig. 1757 is a plan of the valve 
faces and the like. A B are the two cylinders bushed with gun-metal, and bored out truly with 


175S. 1756. 



each other by the same boring bar. C D are the pistons of cost iron with metallic packing rings, 
which arc preferred for this purpose. The piston rods E and F are of gun-metal, and are iudei>en- 
dent of each other, but the end of F is increased in diameter and bore<l out to receive tJie end of E, 
which w<irk8 freely in it. The pistons have a long boss, in which the rods work freely, and, ns the 
end of the Ikibs is solid, no water can pass from one side of the piston to tlio other. The rods are 
slotted out as in Fig. 1755, and the pistons have a st<*el pin G soemred through their boss, which, 
after the piston has travelled for a ixirtion of its stroke, strikes the end of the slot, aiul work.s tho 
valve motion. Gun-metal bushes H H are screwed into the inner ends of the cylinders A B, and 
leather collars are inserted tlirough which the piston r^xls work. The leathers are kept in position 
by screwed nuts. In the chamber K two gun-iiietal levers L and M are fixed, to oscillate on 
their respective studs N and O. The piston-rod E has a slot near its end to receive the extremity 
of tho lover L, and tho rod F has its two sides finttened to form slioulders for the forked lever M. 
Tho lever L is connected by the link P to the slide valve Q, and the lever M by the link 11 to the 
valve H. The valves are of tho ordinary' D shape, and, as well ns their faces, are of guik-nietal. 
The levers are proriortioned so rts to give to the valves their proper amount of travel. On the top 
of one of the links a projecting stud or pin is formed, giving motion to a lever pinned on to 
the end of a spindle V, which fiasses through the stuffing-box into the bottom of the lx)x X. 
On the other end of this spindle a ratchet with s{>riiig is fixed, and works into a ratchet wheel, 
secured on tJie main spindle of a counter-gear, enclosed in a water-tight l)ox Z scn^weil into a 
recess cast on tlw* top of the valve casing. The counter-gear is similar in all sizes of the meters, 
with the excejjtion of the ratcliet wheel, which is varied ns to tho number of teeth to suit the 
registry of tho various sized meters. These meters are very coinj>act, the size with a 1-in. 
delivery only occupying a space of alx»ut 15 in. by 14 in. deep over tlie index box. A meter having 
cylinders 4} in. diameter, with a 2-in. stroke, delivers from 2300 to 2700 gallons an hour. It 
is stated that they can Imj worked under any pressure, and have been found to register equally 
correct under 50 lb. a sq. in., and under a few inches head of water. 

In the current meter designed by B. T, M<K>re, the two main features arc the frame, which is 
so (XHistructed as to secure the reqiiin-d position of the instrument in running water; and the 
rotating cylinder, containing the internal mcM^haiiism for recording the number of revolutions made 
in a given time. The instrument can bo lowered into water to the required depth by a light chain 
or cord from a l>oat or other platform, and the rotating cylinder can be set in action or stopped at 
any instant while under water. When the current mek^r is lowered into running water it takes up 
a definite position with respect to the direction of tho stream, and steadily maintains that position, 
no apparatus being required to lix it. Fig. 1758 is a side elevation of the instrument, and 
Fig. 1759 a plan of the frame with a section of the revolving cylinder, showing the mechanism 
within it Figs. 1760, 1761, and 1762 ore transvorso sections of tho revolving cylinder. The frame 
consists mainly of three flat thin liars of brass, united to the solid ogival head which forma tiio 
front of the instrument, and torminating in a long double tail or rudder, the soctiou of which is a 
cross with equal arms. They are b4iuiid together to form a stiff and strong frame, but so as to 
offer the least possible resistance to running water. 

The frame is suspended from a stirrup by two hearings, the geometrical axis of which is 
perpendicular to tho longitudinal axis of the frame, which passes through tho point of the ogival 
head and tho lino of iuterscction of the plates of the double tail ; and the sides of thi.s stirrup ore 
extended downwards, and pierced with two holes for the purpose of attaching a lead weight to 
keep the instrument in place when used in a rapid stream. 

The rotating cylinder is immediately behind tho ogival head, having its axis coincident with 
the longitudinal axis of tho frame. The centre of gravity of tho whole instrument is in tho 
geomctrioal axis of the bearings by which the instrument is suspended from tho stirrup, and 
midway between them. 

The instrument is symmetrical about a vertical plane througli tho longitudinal axis, and, with 
the exception of tho keel plate, about a horizontal plane through tho same axis. Thus, whoa the 
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cixrrent motor is lowerod into running water by a cord attaobed to the swivel at th© top of the 
stirrup, the stream, acting upon the doable rudder, will brin^ the longitudinal axis of the instru- 
ment in th© direction of the current, with th© ogival head pointing accurately up the stream, and 
this position of the instrument will hold good however great may be the velocity of the stream ; 
for the vertical lino through th© centre of gravity, the direction of th© pull upon the stirrup, and 




the resultant pressure of the running water upon the instrument, all pass through one |>oint, and 
are in equilibrium, and consequently no couple is brought into action to turn th(» instrument out of 
the required position. 

This does not take into account the action of tlic water on the keel plate, which provinces a 
couple of small moment lemling to raise the tail of the instrument ; but this tendency is easily 
corrected hy giving a slight inclination upwards to the 
liorizouhil plate of the tsiil, which calls into action a couple 
of (Yjual moment in the opposite direction, and thus tho 
axis of the instrument is kept in the direction of the 
strenm. 

The cylinder is set in rotation, or stopped, by operating 
oil the spring which is fixed to the fiame and juirtly em- 
braces th© cylinder. A light cord attached to tho spring 
passes, side by side with the cord which suspends the 
instrument, to the hand of the operator; hy raising tho 
cord a few inches, until it is tight, the spring is lifted and 
th© cylinder is reletised, and when the cord is let go the 
spring is set free and again engages tlie cylinder. It is 
convenient to pass this cord through small rings upon tho 
main cord at intervals of 1 ft. ; thus all chance of tho 
stream lifting the spring is avoided, and th© lings serve to 
measure the depth to which the instrument is lowerod. 

The cylinder is set in motion, when free, by the action of the running water on the screw bionics 
fixed to it. 



1760. 1761. 



In the instrument. Figs. 1758 and 1759, the recording mechanism is placed inside tho rivaling 
cylinder, which is water-tiglit and contains a strip of glass so placK-d that the moerhanism cun ho 
clearly seen through it. In other iustruments the mechanism is enclosed within a water-tight tub© 
of glass, which slides in and out of the rotating cylinder. The till)© is closed by two brass discs 
connected together by a thin steel spindle, the axis of which coincides with that of tho tub<? and 
cylinder ; this spindle is screwed at its ends into tho discs, by which means they are drawn close to 
the ends of the glass tube, and the joints are made water-tight by thin rings of leather. When tho 
cylinder containing the glass tube is set in rotation, the small steel spindle also revolves about its 
own axis. From this spindle is suspended a small rectangular brass frame, having holes nt the 
ends through which the spindle passes. The frame conUing a simple train of wheels connected 
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by a ‘worm-wheel with an endless screw upon the spindle, the centre of gravity of the frame and 
wheels being below the axis of the spindle ; consequently, when the spindle revolves the frame 
remains at rest, or oscillates very slightly, and motion is set up in the train of wheels, and the 
revolutions of tlie cylinder are recorded by graduated dials revolving with the wheels. There is no 
stuffilig-bux, stiff joint, or bearing, in any part of the instrument. The resistances of the working 
parts are extremely small, and the cylinder may be made to revolve with a velocity much greati^r 
than that duo to any running water without fear of the suspended frame tripping or turning over. 
The rotating cylinder being hollow and water-tight in some instruments, and containing a water- 
tight glass tube in otliers, is supported by the water to the extent of the weight of the water 
displaced, the difference between its weight in water and in air lx?ing the weight ujxm the 
bearings. This resulting weight is less than 1 oz. in some of the lighter instruments, and in 
the heavier instruments, containing the glass tube, it gives au average pressure on each bearing 
of about 5 oz. ; and as the bearings aro less than in. in diameter, the frictional resistance which 
they offer to the motion of the cylinder is extremely small. Moreover, the instrument is ftir more 
sensitive to the action of running water than would at first appear, because the weight of the 
rotating cylinder and its contents is twice as great in air as in water, being on an average 10 oz. in 
water and 21 oz. in air. 

The friction of the internal mechanism within tlic glass cylinder is constant and wholly 
unaffected by the velocity of the stream. This mechanism is lubricated by oil, which seldom 
requires to be renewed. 

The friction on the front external l>earing is also constant, as this bearing only supports one end 
of the cyliniler and sustains no thrust ; the weight iipcm it is about G uz. The friction on the back 
bearing, which also acts as a pivot, is the only variable friction in any working part. This pivot 
has to sustfiin the thrust caused by the aotif>u of the running water on the screw blades only, there 
being no thrust due to the running water on the front cntl of the cylinder, because that is protected 
by the solid ogival hc^l which forms the front of the frame. Tims the only variable friction is tliat 
duo to the pressure on the back pivot. The moment of the resistance due to this friction is j>ro|)or- 
tional to the product <»f the pressure and the nidius of the pivot. This ra<lius being less tluni in., 
while the effective radius of the screw blades is not far short of 2 in., the ratio whicli this moment 
of Ti sistance bears to tlie driving moment caused by the action of the running water on the screw 
blades is extremely small, and conse<iueiitly the variable resisbmee of this pivot will not Ix^ .sensilde 
in jiractico ; thus the friction of the working parts is fur all practical pur|)r>8t‘s a con.stant cpiantity. 
1'he bearings ui>on which the cylinder rotates are the only U arings exposcjd h) water. They are 
ma^lc of steel, nickel-plated, and are lubricated by the water in wbicli the instrument works. 

The rate of the instruiiii nt was obtained by <lrawing it several times through still w'ater, f<tr a 
known dishiiice, at different voU>cities, for which purpo.se it was attacheil and undc;rneath, a float 
about G ft, in length, liy eouipuringa number of results obtained in Ibis way the formula 

V = 1-2 R 4- Q, 

was arrived at, where V is the velocity of the instrument through tlie water in feet a ininuto, or 
thii vebx'.ity of tins water with reHj)Cct to the instrument ; K the niiml>er of revolutions of the 
cylinder a minute, and Q a ipiantity which vanishes when U is equal to or greater than CO, and 

inorca.ses, as U diminishes, in the ratio of 1 to 5, the general value of Q being — j. » 

o 

V= 12R+ = 1-2R+ 12 - •2R = R+ 12, 

o 

for values of II less than GO, and 

V = 1-2 R 

for values of R greater than GO. 

From this it follows that wdiou the velocity of the stream is 12 ft. a minute, the rotating 
cylinder is Iwdering ujkju motion, its moment of inertia being just balanced b}- the moment of the 
force tine, to the action of ihc‘ running water on the screw blades. 

The instrument will not measure a snialler velocity than 12 ft. a minute when it is suspended 
from a bout at arichor, or from a tixed platform; but smaller velocities may be nnasiured by it 
if drawn, with a known veb'City, against the current. Thus, if the instrument be drawn with 
a vebxity of 20 ft. a minute against a stream w’hose velocity is V, and the number of revolutions 
bo 14, 

20 -f V = 14 -h 12 = 20, and V = 6. 

In this way very small velocitii-s may Ih^ na asureil. 

The current meter, when in U8i\ is always dn\wn back by the stream throngli a small distance, 
from the vertical lino piujsing through the point of suA|ionsion, the amount increasing >^ith the 
velocity of the striuAUi and the depth to which the instrument is immer.sed. I'his distance is 
greatest when tln^ rotating cylinder is«at rest, 1>ochu8c the screw' blades, being then fixed, offer 
greater resistance tt> the water. When tho cylinder is set free, by raising the spring, tin? resistance 
is diminished, and the iustruincut advances through a small distance to meet the stream. This 
advance will tend to increase the number of revolutions of tho eyliiider in a given time, but on tlie 
other hand, it is equivalent to a momentary quickening of the stream, which helps to overcome the 
inertia of tho cylinder and to set it in full rotation quicker tlaiu would otherwise be tho case'. 
But tho greatest error vrhich could arise from this advance of the instrument is extremely small, 
eoinpariHi with the whole number of revolutions made in a given time; bv allowing the instrument 
to nmiaiii some minutes under water, this small error is distributed over the whole iiumlx^r of turns, 
and becomes protdioally inapprt'ciable. The vertical depth of the instrument Ixdow tho surface 
is also affected by the distance through which it is drawn back by the htreaui, but this error in tho 
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depth would be only a email fraction of the horizontal distance, and consequently it would not be 
necessary, even it* it were possible, to take it into account. 

To use the instrument, the stirrup is put back upon the frame and the latter raised to the level 
of the eyes, the tail bein^ held with the right hand, and tlie pointed head with the left. The dials 
will then bo seen through the glass, and their reading must be taken down. The instrument is 
next to be lowered into the water, started and stopped at known instants by the spring, then 
drawn up out of the water, and the reading taken again. The difiTerence between this and the 
former yeadiug will give the number of revolutions in the time observed. In Fig. 1702, the frame 
which contains the mechanism is shown detached from the cylinder, the reading of the dials 
being 32,70,5. 

The dials will record 100,000 revolutions of the cylinder, after which the same reading will 
recur. Tliis nuinl>er of revolutions is equivalent to 120.000 ft., or more than 22 miles. Thus the 
instrument might be left under water for eleven hours, in a stream running 2 miles an hour, before 
the dials would go through a complete period ; and even if the j^eriod were overrun, a comparison 
of the readings, with an approximate estimate of the velocity of the stream, wnuld immediately 
reveal the fact. 

All important characteristic of this current meter is the rapidity with which it can be used. 
A velocity at any depth down to 20 ft. can be taken with ease in five minutes, allowing the 
instrument a run of four minutes under water ; in other words, only 20 per cent, of the whole 
time is required for observing and recording the instrumental readings. By u.siiig two instruments 
together the time can be still further economized, and each instrument will remain a longer time 
under water. 

Form op Field Book for Clrbent Meter. 

^ ^ ^ velocity in feet a miunto 

Rate of instrument, 1*2 = , — ;; ~ . 

number of revolutions a minute 


No. of 
Obser- 
vation. 

Times of 
Starting and 
Stopping. 

Intorval 

(min.). 

■ liistfxmunt 1 
Readings. | 

Differ- 

ences. 

j Revolu- 
tions a 
Minute. 

j Velocity. 

1 Fe«*t a 

1 Minute. 

Mean 

1 adopted 

1 Velocity. 

Remarks. 

1 

H. 31. 8. 

3 2 1.5 

3 5 15 

3 

i 

23,714 1 

23,927 ; 

213 

71 

85*2 



2 

3 6 10 

1 3 9 10 

i ^ 

23,927 ! 
24,141 

214 

1 71*33 

85 *590 

85- 10 

Station A, 

3 

3 11 20 

3 15 20 

1 

i 

i ^ 1 

24,141 ; 

24,513 1 

372 

i 

93 

111-C 


I 

4 

3 IG 10 j 
3 10 10 j 

i 

i j 

3 ! 

1 

24,513 \ 

24,794 ; 

281 

93*6(j; 

112-39 

112 

Station B. 


In considering the mechanical principles on which the current meter i.s constructed, if A B, 
Fig. 1703, represents the axis of the instrument, A Iwing the point of the ogival head, and B the 
extremity of the tail, and C its centre of 

gravity, B C is about three times the nca. 

length of A C. 

The forces which act upon tlie instru- 
ment are : W, its weight in w^ater ; R, the 
resistance which it offers to the str< 3 am ; 
and P, the pull upon the stirrup, which 
inclines forward through some angle $ 
from the vertical. 

These three forces, P, W, and R, are in 
equilibrium at the point C. 

. • . P cos. 0 = W, and P sin. 0 = R. 

The jiosition of the axis A B is mani> 
festly one of stable equilibrium when in 
the direction of the current ; for if it bo 
displaced about the fioint C, the action of 
the current will restore the axis to its 
former position. An increased velocity in the current increases R, and, therefore, both P and 0 
This increase of ^ can be prevented, when desired, by stispendiug a weight from the two ends 
of the stirrup. 

I,et W' be the effect of this weight in the vertical direction, then the former of the above 
equations becomes 

W + W' = P cos. 0 . 

Thus-^ may be made as small as desired by sufQciently increasing "W', 

ORES, Maghikes and Processes employed to Dress. 

t*" ores of Ooriiwall. the object is to separate the ore itself, amounting to 
only from 1 to 2 ^ cent, of the whole stuff raised, from tho 1.trgo proportion of foreign minersd 
matter with which it w associated in the lodes. The ore of tin is a peroxide, which, ^cn pi^. 
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cx)ntaiiiB 78*6 cent, of metallic tin and 21*4 per cent, of oxygen. The impurities with which 
it is associated are mostly quartz, iron pyrites, commonly called mundic, yellow copper ore or 
copper pyrites, arsenic, sulphur, ^bult, and wolfram. The specific gravity of these minerals is 
shown in tlie following table, which is particularly interesting in consequence of the circumstance 
thut the principle of dressing the ores consists, mainly, in separating the particles by taking 
advantage of their difference in 8])eeific gravity ; — 


Sulphur 

Quartz 

Co])per pyrites .. 

In, \ j)yrites, or mundic 


Srx'clHc gravity. 

.. 2*o:i 
.. :i oo 
.. 4*25 

.. 4-00 


Arsenic 

Cubult 

Peroxide of tin 
Wolfram .• 


Spcc-ific gravity. 
.. .. 500 

.. 5-00 

0-50 to 6*00 
7*00 to 7*50 


The stone that has been ragged and spalled is ready for the next process of stamping, in which 
it^is crushed by stamps to a fine pow<ler. Tho ordinary stamps, already described on pp 273 and 
2527 of this Dictiormry, are arninged in sets of four heads each, eacli cam shaft lifting sixteen heads or 
four sets; the iiumlx,T of hfmds depends U|>on the extent of the mine, and in some there are as many 
as twenty-five sets or one hundred heads. Tho disadvantage in the action of th(;se stamps is that 
they produc(‘ a largo prop)rtion of slime, or malerial so very finely pulverized that much of it 
remains iKjrmanently mixed with the water throughout the subsequent process of separation, and 
thereby gets cjirriod awey as waste, though containing tin ore. The production of slime by tho 
stamps is in con^-cijiieneo of their slow action allowing much of the pulverized maWrial to settle 
dow'ii in the Cf)ffer and hecomo further cru.shed to an iiu necessarily fine i»owder, instead of passing 
out at once through the grates ; and a quicker speed than fifty to seventy blows a minute cannot be 
<»btiiuied with the height of fall of these stamps. 

Figs. 1764 to 1767 show Husband's jmeumatic stamps, in which this difficulty has been met, 
by an ingenious arrangement for greatly increasing the rapidity of the blows, by the use of an air 


1701. 


1765. 




spring. The stamp head is not lifted 
direct, but is attached tr) a piston H 
working in an air cylinder K ; and tliis 
cylinder has n rooinrocating motion given 
to it by a crank shaft, through a forki^d 
conmictiug rod that is couple<l to trun- 
nions ujsm tho cylinder. When tho 
cylinder is raised by the crank, the air 
below the piston is compressed, and the stamp is thrown up ; and on the crank turning tho 
coium, the air above tho piston is comprossod, and tho stamp is driven down with a velocity 
considerably greater than that <luo to gravity. Tho stamp heaii and piston rod, weighing together 
nearly 3 cwt., are by this moans mude io have a fall of about 16 in., with a stroke of only 10 in. 
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ia the crank, and a speed of 150 blows n minute, in comparison with a fall of only 10 in. in the 
ordinary stamps, and a maximum sp«'od of only 70 blows a minute. A ring of small holes is 
made all round the cylinder immediately above and below the centre position of the piston, as 
in Fig, 1764, so as to ensure both ends of tho cylinder being filled ut each stroke with air at atmo> 
spheric pressure. A continuous stream of water is made to flow through the hollow piston rod, for 
the purpose of preventing risk of heating by tho comprossioii of tho air in the cylinder ; this wah^r 
is discharged through small holfs at the bottom of tho piston ro<l, just above the stamp head, and 
serves as part of the supply of water for the stamping operation. The main portion of the water 
supply to the stamp head is delivered in a circular jet, under a pressure of soveral feet Inuid, upon 
tho outside of the piston rod, where it passes through the cover of the coffer. Fig. 1767. In order 
to prevent the unequal w'ear of tho stamp head, that W'ould arise from tho supply of fresh uncriished 
stone being on one siile only, an arrangement is made for turning the head round into different posi- 
tions at regular intervals. This ia done by a horn Li fixed on the piston rmi by a set screw’', and 
working between two vertical guide bars. Fig. 1766; and about once a day the position of this horn 
is shifted so as to turn the piwshm rod partl^^ round, an<l cause the stamp head to wear in a fresh 
place. These pneumatic stamps are erected in pairs, and stamp from 8 to 10 tons a head a day, in 
comparison with | to 1 ton a lieail a day, the work of the onlinary stamps; the comparative con- 
sumption of coal a ton of ore stamped is also in favour of the pneumatic stamps. Timy have* an 
important advantage in portability ; anti in the case of starting new mines, they can lie rc.idily 
transported from <ine jx)int to another if found desirable, requiring but little foundation. 

The form of huddle generally u.'^ed in the first stage of the huddling proct*8.s is shown in 
Figs. 1768 and 1769, and is known as the Convex or Centre-head Buddie. It consists of a circular 
pit, about 22 ft. diameter 
and from 1 to IJ ft. deep at 
the circumference, with a 
rai!?cd centre 10 ft. diameter, 
and a floor falling towards 
the out<T circle at a 8h>pc 
of about I in 30 for a length 
of 6 ft. The stuff is brought 
to the centre of the huddle 
in launders A, into which 
a constant stream of water 
Hows ; and it is di.stributed 
upon the raised centre from 
a revolving pan B carrying 
a number of spouts, so as to 
spread the liquid stream vt ry 
uniformly in a thin film, 
which flows gradually out- 
wards over the whole of tho 
sloping flot^r to the circum- 
ference. In its passage d(jwn 
the slope the material he ld 
in 8US]X)nsion by the water 
is gradually dep(^>site<l ac- 
conliiigto its sjxjeific gravity, 
and the tin ore Ixung the 
heaviest is tho fir.st thrown 
down, and is consequently in 
gieatest proportion tf)W'ards 
tlie centre <if tlie bndtilo. 

The outflow C for the wa>te 
and slime from the cirenm- 
fereiico of the butldle is regu- 
latisl by a wtkkI partition 
perforate<l with horizcmtal 
rows of holes, which are suc- 
cessively plugged up from 
tho bottom as the height of tlie deposit in the huddle rises. To faciliatc tho uniform speading of 
the stuff over the floor of the huddle and prevent the formation of gntU*rs or channels in the ilerxisit, 
a set of revolving arms D are emnloyed, from em b of which is 8iiHf>cndcd a sweep carrying a number 
of brashes or small pieces of cloth, and these being drawn round on the surface of the ... 
keep it to an even surface tlironghout; the distributing 8]:)outH and sweeps are driven at abf>Lit 
five or six n^volutions a minute. Figs. 1770 and 1771 arc of Martin’s biuldle, in which the 
stream of stuff supplied to the huddle is itself marie to drive the revolving centre pan and sweeps 
the supply launder A delivering the stream upon a small watci-whecl K geared to t)»o f>aTi B. 

As the deposit accumiilatr^s in the huddle, the swer'ps arc successively raised to a corresprmding 
extent; and the process is thus cmitinued until tho whole huddle is fillerl up to tho tof» of (he 
centre cone, which usually takes about ten hours. The contents are then divided into three con- 
centric portions, each aUjut a third of the whole breadth, which are called the liead, middle and 
tail ; the head, or pr)rtion nearest tho centre, c4>iituiDs al>out 70 per cent, of all the tin in the stuff 
suppH<id to tho buddb‘, the middle nearly 20 per cent., and the tail, or r»^)rticm next the circumfer- 
ence, contains only a trace ; tho remaining jiarlicles of tin are carried off by the wal<*r in the state 
of slime. 

The beads from several buddies arc tben shovelled out, and thrown into a trough or launder, 
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into which a strcnm of clear 
water ilowH, of sufllcicnt quantity 
to convey tho stulF to another 
huddle of different conetruotion, 
the Concave Buddie, Figs. 1772 
and 1 773. The stuff is supplied 
at the centre of tho huddle as 
before, but is convoyed from 
thence direct to tlie circimi- 
fereiice, by revolving spouts 
that deliver it in a continuous 
stream upon a circular ledge, 
from which it flows uniformly 
over the conical door, falling at 
a slope of ahoiit 1 in 12 towards 
tho centre ; it is kept uniformly 
distributed by means of revolv- 
ing sweeps, as in the previous 
huddle. I'he greatest portion 
of the tin is in this c.iso deposited 
roinnl th<i circu inference of the 
floor, and tho slime ami waste 
flow away through rows of holes 
in the siiles of a centre wall ; 
as the depth of dejioait increases, 
the levcil of theovcrtl<iW is gradu- 
ally raised hy pliigi^ing up these 
holes ill HUCi'Ctssion. 

Figs. 1774 and 1775 show 
an improved (Construction of 
(Viucave Buddie hy ICdward 
Borhise. whicli has a mechanical 
arrangement for adjusting tho 
level of tho eeutral outflow, hy 
raising a ring U thatsliiles upon 
tho eeidre vertical shaft, as 
shown in th<? detail view to a 
larger scale. By this tm^aus tlie 
Indgiit of tin' outllow is adjusted 
more gradually ami uniformly 
th 111 hy the plugge 1 holes in 
tlie ordinary huddles, and there 
is less liability to waisto by gut- 
tering. Idle sliding ring U is 
raised by hand hy the nnl I and 
lever L provided with tlie double 
adjusting nuts N ; and the arms 
of the sweeps D being supported 
upon the rising ring are kept 
constantly at the proper height 
by the same adjnstimuit. A 
iiit'clianieal agitat<»r M at the 
heail of the feeding launder stirs 
up the stuff before entering the 
huddle. 

Another form of huddle is 
the rro|H.dler Knift* Buddie, 
Figs. I77(», 1777. It consists 
of a cylindiical fr.ime.lh^ ft. long 
ami ft. diameter over all, ro- 
tating on a horizontal axis, and 
carrying a series of scrajiers or 
kiiitV-blades arianged in spiral 
lines round its circunifercmce, 
which revolve close to a cylin- 
drical casing lined with sheet 
iron, hut without touching it; 
the casing forms tho bottom of 
the huddle, and extends rather 
less than one-<iuarter round tho 
circuinferonoti of the revolving 
frame, as shown in Fig. 1777. 
The tinstuff is sunplied at one 
end of the huddle from the 
hopper A, and is inaile to tra- 
verse gradually along the whole 
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length to the other end bv the 
propelling action of the revolving 
knives, which are fixed obliquely, 
and follow one another in spiral 
lines round the cylindrical 
frame. A gentle stream of 
clear water flows down over the 
whole curved surface of the 
bottom of the buddie, and the 
minerals are gradually propelled 
to the farther end, where they 
drop over the edge into the re- 
ceptacle E. TJie machine is 
driven at about 20 revolutions a 
minute, giving the knife-blades 
a speed of about 370 ft. a minute. 
The action of this machine is 
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found to be very perfect, the 
whole of the stufl* being con- 
tinually turned over by the knife- 
blades and pushed upwards 
against the descending stream 
of water, which washes out the 
lighter particles ; the result is an 
unusually complete sepjiration of 
the tin ore, in a single operation, 
with only a small proportion of 
loss in the waste. The contents 
of the second waste hutch D, are 
80 poor as not to pay for any 
further dressing ; anti the waste 
in the first butch C, containing a 
small proportion of slime tin, is 
passed through the huddle a 
second lime. 

The process of huddling is 
repeated three or four times in 
succossiv'e butldles. for further 
separating the foreign matter 
from the tinstuff, and the latter 
is then subjectctl to the process 
called tossing. It is put into a 
tub or kieve, alx)ut SJ ft, diameter 
and 2^ ft. deep, and having Ix^en 
mixed with an (xpial bulk of 
water is then stirred up with a 
shovel continuously in one direc- 
tion until the whole of the stuff 
is in a state of motion ,* the objf*ot 
is in this way to get rid of the 
finer particles of foreign matter, 
the huddling liavi ng separated 
all the hefivy matrix. The stuff 
then undergoes the })roc(*88 called 
packing, which consists in tap- 
ping the side of the kieve with 
a heavy iron bar continuously for 
a period varying from a <piarter 
of an hour to an hour; the Ijar 
is held vertically with one end 
resting on the ground, and with 
the upper end rej^eated blow's of 
about 100 a minute are struck by 
hand against the edge of the 
kieve. This keeps up a constant 
gentle vibration in the contents 
and facilitates the separation of 
the tin ore, which gradually 
settles down to the bottem of the 
kieve. Instead of a bar wtuked 
by hand labour, a hammer worked 
by mechanical means is em- 
ployed at some mines for per- 
forming the p^Acking, with the 
advantage of maintaining cora- 
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plete regularity in striking the blows for any length of time required. When the packing is finished, 
the upper portion of the stuff in the kievo is skimmed off and huddled over again, and the 
remainder, now called whits, is taken to the burning house to bo calcined. The kieve is com- 
pletely cleared out before being refilled with a fresh charge. 

The ore-dressing machine of T. liorlase, shown in Figs. 1778, 1779, consists of a slowly 
revolving annular table, 24 ft. diameter and 6 ft. wide, placed at an inclination of 1 in 12 to the 
liorizontal. Tlio stuff to be 
dressed is supplied on the 
upper side of the table by a 
fiuted spreader A, and the 
heavier or richer portion is 
deposited at once close to the 
circumference, while the ]>oorer 
stuff is carried to the inner part 
of the annular table, and the 
waste runs off over the inner 
edge into the circular trough 
B underneath. A gentle stream 
of clean water supplied at C, 
immeiliately adjoining tVm 
spreader A, cleans the rich ore 
deposited near the circum- 
ference of the table, washing 
off into the centre sj^ace any 
of the waste that may have 
adiiered to the table. At the 
lewcr side of the hible jets of 
pure water wash oiV Hrst into a 
receptacle D the outer ring of 
rich stuff, which extend.s alx)Ut 
2 ft. if) from the outside ridge, 
and afterwards the inner and 
|K>orer portion, called craze, 
into a 8e<y)nd reoc'ptaole K. 

'rhe table makes <»no revolution 
in nliout three minutes, and in 
the half revolution from the 
up])cr to the lower side of the 
table, it is found that stuff 
originally ermtaining H per 
C(*nt. of tin ore is brouglit up 
to us mueb as 15 i>er cent. 

Tlic richest stuff or whits, lying 
at the head of the first strip or tyc D, is fit to bo taken direct to the calciner, without requiring 
further drrssing, 

U’he next pn>ces8 is roasting or enlciniiig the partially dressed tinstiiff or whits, for the purpose 
of getting rid of the arsenic, sulphur, and other volatile impurities, and al^o to facilitate the subse- 
quent removal of other foreign nmterials. Two kinds of calciners are now in use. The older one, 
known as Brunton’s Calciner, eou8ists<ff a revolving table, about 12 ft, diameter, enclosed in a shallow 
reverlK^ratory funiace ; the table is sllgiitly conical in sha{>e, its surface shaping downwanls from 
the centre to the circuinferenct*. The tinstuff delivered on the centre of the table through a hopper 
in the nsif of the furnace is exiKised to the fianie passing througli the furnace, and is continuously 
stirreil by a tad of scrajK'rs fixed iu the rwf whilst the table rotates very slowly Im Iow them, making 
only about six revolutions nn hour. ThoscrajK'rw being set obliquely shift the stuff gradually from 
tlie centre to the circumference of the table, where it falls off, ami is collected iu a chamber beueath. 






In Figs. 1780, 1781, is shown Oxiands and Hocking’s Oalcincr, which is now adopted at several 
mines. It consists of a long wrought-iron cylinder A, lined with firebrick, 3 ft. inside diameter and 
32 ft. long, placed at an iuolination of 1 in IG to 1 in 24, according tt> the nature of the stuff to be 
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treated, and supported npon rollers, upon vhioh it is made to revolve at a very slow speed of six or 
eight revolutions an hour. The tinstuft' or whits is supplied into the higher end of the cylinder 
through a hopper fitted with a feeding screw B, and gradually traverses the length of the cylinder 
to the lower end, whore it falls into a chamber C, from which it is remtived for further treatment. 
The heating furnace D opens into the lower end of the cylinder, and the volatilized arsenic and 
sulphur are C4\rried off by a flue E from the upper end ; this flue is ^tended to a considerable 
distance, and divided by baffle walls into a succession of chambers, in which the arsenic is dojxisited 
and periodically oolh^tcd. The time taken for the stuft* to pass through the calciner is from three 
to six hours. The firebrick lining of the cixlcincr is constructed with four longitudinal ribs pro- 
jecting internally, as in the transverse section. Fig. 1781, and extending two-thirds of the length 
from the lower end. Fig. 1780 ; in the revolution of the calciner these have the effect of continuously 
stirring the stuff and exposing the whole of it to the heat. In this calciner the stuff being supplied 
at tliG upper end, farthest from the heating furnace, is exposed first to the lowest heat ; and after- 
wards to a gradually incr€‘asing heat, as it works its way along to the hotter end of the calciner ; 
by this means the most advantageous effect is obtaine-d from the fuel consumed in the furnace. 
The stuff comes from the calciner in the shite of a fine dry powder, which is cooled with water and 
taken again to the buddlo : and the whole of the previous processes of huddling, tossing, and pack- 
ing are again gone through and repeatetl a number of times, accoitUng the quality of the ore, 
until this is finally in the condition ready for smelting ; and it is then sold as black tin. 

The whole process of dressing the tin ore fi»r smelting <X!cupie8 usually from eight to ten days, 
incdiiding the stamping; and the result ohtainctl is an increase in the proportion of pure oxide or 
black tin from 1 J or 2 per cent, in the tinstone raised from the mine, up to 95 jier cent, in the 
finally prcparetl ore that is sold for smelting. As tin dressing is only a nrocess of separating by 
ineehanical precipitation, a very small proportion of saleable produce from the large mass of mineral, 
through which it is disseminated in minute crystals, it is esstmtial that the gn^atest precautions 
should be taken to prevent any waste of the valuable pro<liic*t. For instance, in biiutlling, the 
occurrence of any gutters or channels, down tlie sloping surface of the stuff in the buddU«s, would 
immediately cause the larger and more valuable grains of tin ore that are lirat depositetl at the top 
of the slope, to be carried away with the w’ater and slime. The grains of tin which do pass off with 
the slime, even from the best buddies, are very fine and light ; ami notwithstanding all the care 
that is taken in dressing the slimes, large quantities of tin ore arc washed away from the tlrossing 
floors of the mines into the numerous streams and rivers of tJie district. The slimes arc consequently 
intercepted at successive works on a stream or river coming from a series of mines, and large quantities 
of tin are collected by treating them in hand frames and concave buddies at a very small cxjKsnse, 
the stream itself working a small water-wheel which drives the buddies, while the frames are 
ntUmded only by a few cdiildren. 

A hiinplJ form of self-acting slime frame or rack is that in Figs. 1782, 1783, by moiins of 
which the attendance recjuisito is so far reduced that one operator is able to attend to twenty 



frames. The launder A, bringing the slimes from the buddies, jioases l>etwcen two rows 
of the slime frames, set back to l>fick, and the delivery to each frame is distributed by a fluted 
spreader B. as shown in the plan. Fig. 1784, and then flows uniformly in a gentle stream over the 
surface of the frame, which is at a slope of 1 in 7, and is divided at the middle into two halves by a 
5-in. step ; the waste flows off at the bottom of the frame into the launder C. The stuff deiK)sited 
on the frame is then flushed off at successive intervals of a few minutes each, by a self-acting 
contrivance, consisting of two rocking troughs D D, which are gra<laally filled with clear water from 
a launder E ; when full they overbalance, and discharge their wliole contents suddenly upon the 
tfq> of each half of the frame. The tipping movement of the troughs open at the same time the 
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covers of two launders F F, one at the foot of each half of the frame, into which the stuff deposited 
on the frame is washed by the discharge of water, the two halves being kept separate, because the 
greater portion of the tin ore is re- 
tained on the upper half of the 
frame. The readjustment of the 

whole into the original position is ^ J § 

effected by a cataract G, of simple n — M — [j 

constmetion, 

The difficulty in dealing with [« " i|j7^ ^ 

tho slimes arises from the circum- \ f T 

stance of tho grains of tin ore bedng , i ISi| . inrtiillllM I — 

so minvite compared with tho par- | j V 

tides of foreign matter with which ^ JJ ^ \ I 

they are mixed, thnt they are car- n!Lr ^ 

rie<l away in stisj^ension by the 1 jniiy.ii! ii ii n i. f Ji “ * 

water, in consequence of their ex- fl B iji pn i Ulj l l illk^ 

tremo absolute lightness, although j 

their siKJcific gravity is greater than • tJi j" '/ - ' ^ . \ I 

that of the larger particles of I i'i *? \lhRr 

foreign matter they are mixed with, ^4 4 T 4 Lr~ L 

For tlie purpose of rodiicing these | ~ 

larger particles of foreign matter 

to the same size as the tin grains, ' — 

and thereby enabling the latter to i785. 

l»e separated by the c>rdinary dress- Pi FI 

ing prf>ct^asca with water, several ^naitTLLXn iTij rinna, 

diffi rent machines called pulverizers 

have l»een introduced, having either ! 

<!essful in reducing the partioli^s to j r 

a uniform size, and thus affording j 

the means of ntilizing tho waste, or - I _ 

roughs as it is called, W'hich was z > J j i^X 

previously thrown away Ix'causo ^ O^Ti ^ L LJL, 

the cost of reducing it by ro- n m i 

stamping was greab r than tho value ^ y B H pD 

of the tin ore obtained by such a i : 

178< to 1786 ftr<» of T'‘"f ■ . a. 

Dingey’s pulverizer. It con 8 i.sts of ^ ^ 'I \ J ’ ~ ^ 

a shallow pan A of (5 ft. internal dia- j| ; j 1 ' T 

meter, having vertical sides fitted j 

with a series t>f grates, through . - ^ 

which tliC pulverized material is 
delivered. Four annular grinding 

discs or runners Jill, 2J ft. dia- ^ ■ -B 

mtter and gearetl tt)g<'tber, revolve 
uiK»u the l>ottoiu of the pun at a 

high 8 JK‘<mI »»f 200 rt^volutioiis a v v‘ A V ^ V /I 1 

minute; and the ])an itself is made 7 • Vy V 

to revolve slowly, at about 4 or <7 ^ ' O O % 

5 revolutions a iiiiiinte, so ns to ^ // ^ b ' 

avoid any t<‘ndency to wearing in 3 jh b ' - , O ^ ° 

grooves. Tho wearing surfacA' of w /f . ' ^ vi 

the l)otloin of the pan is a separate ^ if \ f y -n\ “ ’ ’ *31 5 

cast-iron j>late, with a number of c ffl. o* IffF 1 ' b 1 i "o m ^ 

holes in it. Figs. 1785, 178(5, form- ^ '‘S' J /v y\\ \ ''■*« ! 

ing shallow roeesw's, in which tho u \v .r'M ^ 

fttiiff to bo pulverized is retained A wV . - » o ® • ? .*" j/ff L 

wrhilst tho grinding runners not W C'sll ‘ ^ S P 

uiHin it The stuff mixed with a a ® >"*'**’*’%. ® h 

stream of water is supplied by a A ^ 7 . ' 

launder C into a central annular I. / 

trough D, Fig. 1785, from which it '"Slh^rT^ V - ' L 

is delivered bv spouts into tho centre *. /\ 

of each of the grinding runners; o • ’ 

and having boon ground by passing Ptwr' 

under the runners, it esoai)e 8 with 

the water through tho ^tes in the 

sidt's of the nan into the extenial n« 6 . 

trough K, whence it is cvmvcyed 

direct to tho buddies. Tho shoos of the grinding runners as well os the l^thm of the pan, 1 
made separate castings, 1^ in. thick, so ns to 1)0 readily replaced when r^uired ; at F, Fig. 17' 
is shown a plan of one of the runner shoes. The sjmeo between tho grinding fticos of tho shoes 
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and the bottom of the pan, is adjusted by the hand re^nlating screws and levers G G supporting 
the runner spiurlles. The weight of the whole machine is about 4 tons, end it will grind from 
15 to 20 tons a day of 24 hours, according to the class of stuff. 

Copper ore is raised in the same manner as previously described with re^rd to tin ore, but it 
presents a marked contrast to tin ore in being very mucli less finely disseminated throughout the 
loilestuff with which it is associated ; the coarser spots or patches in whicli it is met with necessitate 
consequently a very diiforent treatment from that adopted in dressing tin ore. The most abundant 
ore of copper is copper pyrites, which is a sulphide of cop|)er and iron, containing, whou pure, only 
34*6 per cent, of copper, with 30*5 per cent, of iron, and 34*9 per cent, of sulphur. The other 
principal ores of copper are the red, black, grey, purple, and green ores. The red and black ores 
are oxides, containing, when pure, 89 and 80 per cent, of copper respectively ; the red, which is 
tlie more common of tlie two, is quite brittle, and is easily broken up into a red powder. Grey 
copper ore is a sulphide, contaiuiT^g, when pure, 80 per cent, of copper ; it has* much the appearance 
of metallic lead, but may be broken up by a hammer. Purple cr>ppor ore is a sulphide, but not so 
rich as the grey, part of the copf>er being replaced by iron ; when pure it oontains nearly 70 per 
cent, of copper. Green copper ore, or malachite, is a carbonate, and is much less common than any 
of the others ; it contains, when pure, 57 per cent, t»f copper. None of those ores of copjKjr are very 
hard, all being readily scratched with a knife. 

The ore as raised from the mine is tipped into spaces called slides, in quantities averaging from 
5 to *20 tons in each slide. The larger stones having been separated, and ragged or broken up into 
snialh r piecK‘8 by liand hammers, the wliole is passed through two riwolving riddles of diiferent inesli, 
and then hand-picked and sorted into three qualities — prills, or hi^st; dradg«-, or second quality; 
and halvans, or leavings. As much of the best as will pass through a riddle of j-iu. mesh is taken 
at once to tlie pile ready for market, and the rest goes to the crusliing rolls to be crurilied <lown 
smaller. The second quality has to undergo both crushing and jigging. See p. 2535 of this 
Dictionary. 

An improved form, Collom’s jigger. Figs. 1787. 1788. is in use for washing stream tin, and 
appears to he equally applicable to copper dressing ; it is in extensive use for dressing lead and 



other minerals in Wales and in America; like all other jigging machines, it is only iivailahle for 
dressing stuff from which the slimes have bt*en previously extracted by a proper separator, 'i'he 
jigging action is produced by two pistons G G, fitting lo<»sely in square trauks, and having a very 
short vertical strr»ke of from J in. to 1 in. ; coarse ore requires the longest stroke. Each pishui is 
struck down altematcdy by the blows of a rr»cker H, and raised again by a spiral spring ii|K)ri the 
piston rod, whicli brings it up against an adjustable stop J ; the rocker H is actuated by a crank 
making alwmt 120 revolutions a minute. The sfHice uuder each fdston is in couimutiicuUon witii 
one of a jmir of hutches K K as in the transverse wKstion, Fig. 1787; and on tlie top of eacli hutch 
is fixed a fine sieve of brass wire, UjX)ri which is spread a bedding of coarse tire in a layer alioiit 
^ in. thick. The stuff to be jigged is supplied through a launder L with a eontinutms gentle 
current of water, and is delivered upon one end of the sieve through a distributing grate M; the 
sieve is set with a slight fall of about 1 in MO towards tlie opiKwile end. Tlie hutclu's are kept 
constantly filJetl with a supply of clear water, under a pressure of 2 ft. head t»r upwards, by the 
pipi- r, and there is a constant overflow of waUjr from the lower end of the sievers, carrying away 
the lighter stuff that is separated by the jigging process. The pulsating action of lh<* pisUms 
gives a jerking motion to the water under the sieves, driving it up through them, and pKnlucing 
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tho Bamo in separuting tlio stuff upon the aievo a« in the ordinary jigging machines, where 

the sieve itself is jerked up and down in tho water. The lighter partich s are thus lifted and 
gradually carried (iff in tho stream of water flowing over the sieve, leaving the heavier ricli stufl' to 
settle down gradually through the sieve iutcj tho hutch below, from which it either passes off 
continuously through a regulating 
hole at bottom, or is discharged 
at intervals if tho supply of water 
is scarce. In order to prevent 
accumulation upon tho sieves of 
any stuff which may be too light 
to pas. through tho bedding on 
the sieves, yet too heavy to Ixi 
carried over the lips of the Imtches 
by the overflowing stronm of 
water, ragging gear 11 is in some 
cases provid<*il, consisting of a row 
of holes clo.sed by biper plugs 
fitting into conical seatings; tlie 
height of the plugs is udjnste<l 
by tliuuib screws so as h> regulate 
the area of tiio openings accord- 
ing to the quantity of stufl’ to la* 
got rid of, which never amounts 
t(j mu(di ; this fulls throngii into 
a separate C(»mj)artnamt S of the 
hutches, ami passes out through 
a hole at bottom. A second eoiu- 
jdele jigging iiuicliine is fixed iiii- 
medialely in front of the first and 
at a few inches lower lever, by 
which the overfiow from the firi>t 
is r*‘ceived and worked over a 
s<*coiid time in u similar manner. 

Ill this jigger a very coiiipKae 
8e]>aration of tlu‘ diflcHMit (piali- 
ties (d' ore is effecteil by an t*n- 
tirely self-acting i>rrKH*ss, an<l with 
a very small pro|Mirti(»n of loss in 
the waste. In the imeof the jigger 
for separating the tin fioni tin* 
gravel and sand in which it is 
tVnind, almost tln> whoh* <»r the 
tin ore ('ontained in the ^and, be- 
com(‘s deposited in tin* np]K*r pair 
of huiciies, tliu c^nitimts i>f which 
are then worked over in tlu^ ]»ro- 
peller knife huddle ; fifun the 
sand deposited in the lovrer pair 
of hutcln'S some inferior oie 
whieh requires stamping is ex- 
truct<?d in an ordinary strip. 

There is a large amount of slime with the tin sand raise I at these work>, but it i.> .-^eparaled irom 
the sand belbre the stuff j>asses on to the jiggers, by a slime separator attached to each jigger. 
Tht* sand that ]iu»ses off through tiie ragging gear requires to be slainjH'd to a finer size, and is 
then nvu-sIumI ovt*!* again. 

lu the cushioned crusher of T. A. lUake, Fig. 1789, made by the Blake Crusher Co,, Connec- 
ticut, a thr(*e-sided framework of m.st iron, with briMid flanged base, hohling the m<'Vable jaw in 
suspeiiNion, forms the front part of tho iiiachim*, between the upright convergent jaws of which the 
stone is ernshed. 

Tlie jaw shaft is held in place by wrought iron or steel clamps C. which serve to take t»art of 
tho strain <lue to cni.shing iu tin* nppiT ]Kirt of the jaw space, ami also act as w'alls. In the 
lower isiit of the frame, and on each side of it, are holes in tho casting to riceivc the main U iisioii 
khIs which connect the front and n nr parts of the macliine, Iho rear part B is called tlie main 
toggh* bl(K'k, and is also provided w'llh holes for tlie tension nnls 11, corresjjonding to tliosc in tho 
front easting. i • i i 

These two parts of tho machine arc connected by the main steel tcn.sion rods R, each provided 
with screw thread and nuts, by which their lengths and tho jaw oiHjniug are readily adjusted to 
crush coarse or fine, as may be desired. . . i r i i 

The front and roar (‘Ostings are suptiorU'd on parallel timburs, to the under snlc of which are 
bolted tho boxes oairying tho main occeiitrlc shaft, provided with fly-wdicels ami pulley. Iho 
tiiiil>era are thus made oonn>oncut parts of tho machine, and take the traiisvt'rso strain which comes 
upon the pitman ooutuKsting tho main shaft and the toggle joint, placed in tlie rear of the movable 
jaw, and between it and the main toggle hlwk. , . , 

Between tho broad-flanged bases of the front and rear castings, and the timliers on which they 
rest, are plaoed flat rubber cushions J to j of an inch thit'k. Every revolution of tlie shaft brings 
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the togpfles more nenrly into lino, and throws the swing jaw forward ; it is witlulrawn by the rod 
provideil witli rubber spring L. In this way, a short reciprocating or vibratory rnovoment is coni- 
rounioatetl to the movable jaw. 

It is evident that in this construction of the Blake stone crusher, while the principle of crushing 
between u]>right convergent jaws is tlie same us in the old machine, there are many and great 
advantages over the old forms. It is sectional. 

The weight of the heaviest piece in crusher, 
size 15 X in., is alK)ut 2400 lb. instead of 
nearly 8000. Tl»e riguiitj’' inseparalile from 
machines with ca.st-irou frames, ami which is 
the cause of freejnent breakages, is completely 
overcome, and the longituvlinul as well as 
transverse strains, are bronglit upon materials 
wliicli are strong and c hv.stic ns comjmred 
with cast inm. The rublnu- cushions, while 
offering sufficiently great rt'sistance to com- 
pression in case of the breakaixe of stone, or 
in doing the normal work of the machine, will, 
in case of the accidental intrusion of sttel 
hammers or anything of that kind, lie o(‘m- 
pressed. and so permit the partial revolution 
of the fly-whed before coming to a full stop, 
thus relieving the machine of those nearly 
infinite strains to whicli those of the old 
form W'erc subjtcted, and which resulted 
iu breakage of important parts. The toggb^a are long, aiul of equal length, aiul may be worn inde- 
finitely as (Kmipared with those in the old machint^ The construction of the pitman is sindi as to 
admit of change of inclination of the toggles, and, consequently, of adjustment of tho length of stroke 
of the movable jaw’. Tlie jaw opening can bo varied betwet n’ any wiuking limits, by nu an.s of the 
nuts on the tension rotls, and th«‘ machine be s»‘t to crush coarse or fine, as may be desired. Tho 
crusher, it is staled, can 1 e run at a higher rate of sjK^ed, with safety, than eitlier of the old f4>rnis 
of crusher with cast-iron frames, and will, cousei|uently, do a greater nmouiit of work. The iiiaiui- 
faoturers state that while this inaebiue is very mucli lighter than the old forin.H, it has at least 
double their strength. 

Blake's cushioned crusher has l>een repcatetlly subjected to the test of a steel Itammer l)oing 
thrown between its jaws, when going at as liigli a rate of speoil as :100 revolutions a minute, without 
injury to or breakage of the ma: 7 hine. 

The pulverizing mtichiue imule by Jortiati and Son, London, Figs. ITOO and 171>1, which is very 
simple, ]S f<»rnjed of two castings whidk, when bolU'd together by their tianges, form a couple of 
circular ciiambers us .shown. The lower and larger cbaml>er D is the crushing chamber, and it is 
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entered from opposite aides by two short spindlcH. each carrying witidn tho cliamlier a set of four 
arms, and provided at ito outer end with a l>eU pulley. The arms H II on thosij spindles exUMid 
fAKc chamber, and the arms of fsich set have their surfaces set at an angle 

♦ I of rotation^ so that the opposed surfaces of the two tmUi arc parallel to each 

» 1 * spindles are driven in opfxhiite directions, and one of them is provided with a wonn 

whicti driven a short vertical sliaft L, tliis shaft In its turn being provided with a worm M at ita 
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vpper end, by means of which it drives a spindle traversing the upper and smaller chamber already 
referred to. In this chamber works an automatic feeder by which the supply of materials to the 
crusliing chamber is secured. 

The materials to bo crushed enter the crushing chamber by the passage E, and are delivered 
tlirough the channeds F F, by means of the current of air which traverses the crushim? chiimber. 
This current of air is produced by the rotation of the anns H H, Uic air ont(*ring through npeuiugs 
in the sides near thf» centre of the chamber. By opening or closing these apertures tlio siren-fth of 
the current can be controllod, and the degree of iineuess to which the maU^rials are ground bidore 
dclivf*ry thus regulated. The discharge current is sufficiently strong to carry up thi* crushed 
materials to a lieight of from 10 ft. to 20 ft. according to their fineness, the height of the delivery 
column also regulating the flneuess of the jjarticles delivered, and different sizes being delivered at 
different levels if required. 

Pulverization of ores by attrition of the particles upon themselves, has been successfully carried 
out in the machine devised by Van Buren Kyerson, of New York, Figs. 1792, 1793. Tlie principle 
involved in the reduction of ores by tliis machine is, that the ore particles ore caused, by mechanical 
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means indurinR a peculiar application of oompresaoil air. to rotate violenll.v, each upon its own axis, 
at the Maine time haring a path of revolution aiiout a common centre ; and at a certain stage of their 
reiiuoti<m into granulations, tin- size of wliich is regtdated by the opiming or closing of the .iischargo 
ports, thereby varying the* pn*ssure of uir within the ease : the powdered materia) is discharged at right 
augh*s to th(» plane of velocity. This is ^*compli8hed I 79 ;i. 

with litth* wear to the machine, as the particles touch no ^ . — 

jiart of the nn chanism during their pulverization. This ^ q . 

rotary movement of the <irt* partieles i.s induced hy a O ^ / 

succes.sion of e<l<lieH or reactionary air curn nts, in op]>o- q ^ ^ 1 

sition hj the direction in which the jmrticles at n high ^ 

velfH’ily are moving, “thereby eauwing the particles to be I 

rublM'd ii|»on each other, and reducing themsidves to an i 

inqialpable p<")wder. I 

Beferene(j to Fig. 1792 will sluov that the machine — i-L2 — 

comprises three circular mt‘talli<* cases n, each alsnit 

3 ft. 9 in. in diameti-r, <iit*eharging into um* another through X ^ / 

the jupes ^ at cither side of each ea.*<e._ * . , / # 

Witiiin each case is a revohing disc of gun-mefal c, / *■ ■■ i ’ ■ — .1 

ha%*ing at its outer peripherv the four beaters//, the up|>t‘r . • i 4 \ « 

and front faces of wliich arc of tlic full widtl, of the smec lietwcen the inner sides of the owe. the 
disc c being of a thiekrusM b. Mccure strengtli and Bolidity. Ihe outer face ot each beatt r d is 
ratchet dresicHl, wliile the radial face is smooth. These dressings exlond ucro^ the f 11 wulth of 
the iHaters, ami nni of uniform depth. Tlio inner i«'riphery of the case <' '« “ 

Stationary ring of sto. l c, whieb is tlr<*8scd in the saim;^ manner os >ho outer 

This construction will mon* reiulily appear in Fig. ^ imirters 

outer faces of the In^atcrs and the inner jK^riphery of the case, vanes alleruaUdv f 

of an im h to an inch and a half, from the apex to tin* base of each two notches of the du^iu^^, 

in the case, It proihiees a reactionary etlect ujion tlie Indt *'* ■‘•b In-twi^ t 1 

of tlio npii^r fiixss of the b.'nUw and the dressed surface of the P‘‘V‘ * f^U oo^ n?emicd for 

use of tile mtohot dressing on the inner iK>ripi.ory will now be Iw circle in whi^' 

grinding ; but its purpose is to present a succession of aiirupt BiirfBoe^ ™ them to break it 

the Wit of air revolve, which i rvo, ly the impingement of this belt ^ 

up into whirl|H»l8 and wldics. These eddies of air, while each "P‘’" is ^hmvn 

n path of revolution about a fixed centre. Thia peculiar action of ‘ \ i aireciioii of tho 

clearly iu Fig. 1703, whore tho scrolled line represents tho eildying elinraetci and diicction ot tlio 

Theorotoberoduoodtopowdor after having first ^ “of 

iutrtKluced through the feod-piim / at tho centre, at both sides of the first ease of tho series. 
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the instant tbe crushocl ore enters the machine, it flies ontwanl in radial lines toward the periphery 
of the case, and is tiiere cauplit up by the rovolvin<? belt of air-eddies, and each mrtic^ of ore is then 
rapidly reduced to powder l)y the vioh'iit attrition of the particles uptui each oilier. * he pulvenzea 
ore is discharged at rif]^ht angles to the piano of vohxjity through the |.>ort-holes </, and lorwarci into 
the next inaciiine, whore the iwirticles are still further reduced. 

The size of the gmmilat ions will d»’pend upon the length of time that the ore-particles arc 
retained w ithin the case. The port-holes g are covered with the slide /t, in which are port-ludes of 
a like size and number, so that when this slide is moved backward or forward, the discharge ot air 
is lessened or increased, ami it simply rests with the discretion of the charge of the 

inacliine to r<'gnlate the size of the graiiuhitions of the jxiwdercd material. This feature of the 
machine is absolutely necessary, os it may often occur that the ore to he pulverized will be of 
varying degrees of hardness. j i 

The second revolving disc moves with a greater velocity tlian the first, and the third with a 
greater velocity than the second. Thus there is the combined pressure from the first case, and 
suction from tile one into wJiich the material is discharged. The iK»wdered material comes from tho 
machine perfectly cool. 

Tho various nietallurgical processes for the working of silver and gold ores depend njx>n having 
some other metal, gonorally meremw*, lead, or copper, as an intt'rmetliate prcxluct, in which tho 
precious metals can he ronoentmted. 

Wot processes, such as Van Patera’s Icnohing process for silver and gold chlorination in California, 
where it is only apjdicable to gold ores, are used. It is iU'ee.''snry that the ort's so treated should bo 
very finely cmslied, and tin y generally come as an uecc^ssory j)riHliiet fi-om tlie amalgamation 
proci*!fS. To Ih* carried out cheaply thtJ work should be clone on n very large scale. Althouiih siic- 
cessfhl in a metallni gical way, tlie’ elilorination proce ss is ofh^n not snccessfnl financially, owing to 
the iini>o.ssihility of getting a sullicient supply of ore at all times. Up to this time (1ST9) it has 
only been applied to the concentrates from gold mills. It cannot gencTally l>o ust‘d fur the c<»nceu- 
trntea of silver mills. Is'caiiHO all the silver contained in them would he lost. 


^'he processe s in use in the United States for the exfrac'tion of oilver nn:‘; pan amalgjiinalion, lead 
fn&ion. and fusion with copper ores. The* first is nj>plicnl»le to ores containing very few’ base mentals, tho 
second to ores occurring in galena, w’hcre tho galena is in excc*ss, and can he* had in cpinntitic*.s ; Ihe 
third is applicable to ores carrying copjH^r. which usually contain considerable gold at the suiue time. 

'I’he geiiiral arrangement of the mills is the same, exception being made of the prest‘nce nr 
absence of roasting. When roasting is done, the ore is mislied dry ; w hen it is not, it is cnishc'd w’et. 

About 25 to JIO per cent, of the Comstock ores is gold, thc‘ rest is silver; but in the bullion 
produced the pro]>ortion is soniewbat higher, as the gold i.s more completely saved than the silver. 
A.s n general thing, the richest ores are treated by dry crushing and roasting, and tht‘ poorer ores 
are cruhh€.*d wet and directly treated by amalgamation, which is the Wa.**hoe f»ro<’esw. 

The ore is deliv(Ted to rock hrtakers plae«^d at the highest level of the mill. Below' the rock 
breakers, between them and the batteries, the drying floor in dry crimhing is plnctnl. This floor is 
made of cast-ir<»n plntes, in, by 42 in., 
fluiiged on the shies, so that the plate.s 
may overlap and still give an even floor. 

A ilin* from the roasting furnace runs ^ 

hackvvanh and forv%’ards under this fhK)r, ^ ~ 

tht^ partition w’nils of which serve ns .suf»- 
IK^rts for th^ i)lates. This floor is p’aced 

<iirectly l)ehiinl the stamps, and tin* rjre t f j 

is spread over it until dry, when it is F 

charged by liand or automatical ly into the t H 

stamps, whicli are on the sarm; level. ^ 

Belf)W' the discharge h vel of the stamp, m IS 

the r^jisting apparatus, if the ore ii? to la^ CH" r M B| "IT fP 

roasted, is fdaced in such a ]»osition that » i \ IB \ J 

the ore from the stamps can lx? <li.-»- \ ^11 ^ \ I 

charge d into them, or 1 m^ carried by a — J ^ |1 D ® Ji | 

screw conveyer or an endleHs chain te an ' ^Jj wl I | 

elevator which discharges into hopjicrs // M- S 'A nl 

containing a charge for the furnace, when // 

tlic ore i?- h> he ro.isted or chloridized, or , i? ' 

both. 'J*he sn[»ply c»f <.re is cut off from* 
the furnace niiti)inati>^lly, when the 

hoppers are full. Tlie sjaiod of the /r ^ t mrani HW ^ 

clevntf»r feeding the pulp into the hopj^KTs Jfl ^ \ 

is regulahid by two sets of cone pulleys, J ^ fJ J Jilr" 

fiTid may lx* mad(* t<i vary frorn 4fl to ItOU T ^ 4 3 

revolntio?ifl a minute. In front of the (Q J — n 

furnace there is a brick or iron cording ^ 

lhK)r, where the ore remains until it is 

c(Kil enough to b<j charged inte the jians. ^5r 

On a still lower level are the pans arnj L | | 

oatch-pits, if the mill is wet crushing, 1— I— — J 

uadpm^th th^ p M “ t<. thfi varioiw lairta of thf. mill by alianx ab«Tfl and 

machinory haa ita own indeixnidant lino of nImftinK. The 
I 18 alway 8 transmitUil by lioltin;^. The ]>ower miuircd to drive the pan j» fr<im three to aix 
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liorse-power, according to its capacity. Tlic power required to crush ftud amalgmnate one ton of 
ore will vary firom three to five horsepower. 

The process of amalgamation is the same, the barrel process having almost entirely disappeared. 
The process of crushing is generally the same, and consists in the uso of revolving stumps, the 
crushing being either dry or wet according to circumstances. Silver ores, which can be amalga- 
mated directly, are generally crushed dry. The general outline of crushing is, first, to reduce the 
rock in a crusher to u certain size. It is then fed utider stamps, and the slimes afterwards con- 
veyed to the pans. 

The Horn pun. Fig. 1794, lias iron sides a, and a flat bottom, and also has a steam bottom, which 
is composed of u flat plate, upon which the pan is bolhxl. The space for the bteain from the pipes 
m w is made by the two hollows formed by the projections nc^cessary for the sockets of the die c. 
The shoes and dies are fastoneil in the same way as in the Wht^ler pan. The muller e is not, how- 
ever, fastened to the driver, but is caught in grooves, so that it moves only wlien the driver is 
turned in one direction, in the other it is loose. The lieighi of the shoes and dies is regulated by 
two iiandwhoels at the top of the shaft g. On the circumference of the inside of the pun, there is 
a gniove into which a scraper W is introduced, iis in Fig. 1794. A scraper X' is also attached to 
the inside of the muller, fitting into a similar groove there. The shape of the wings is ditferent 
from that of the Wheeler pan, A yoke u p, which carries the bearings for the vertical and horizontal 
shafts and the gear wheel t, is attached to the bottom of the pan. This yoke and the scrapers 
are the j>eculiariiies of this arrangement. 

The Patton pan, Fig. 1795, is a cfimbination of the Wheeler and Horn pans. The steam bottom 
b is fastened in the same way, but is not cxa^*tly like that of the Horn jian. The sides h are of 
wcKxi supported by a flange, whicli is nearly as high as the muller c, in order to prevent the loss of 
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mercury, and is a much Wltcr disjxisition than that adopUnl in the Wheeler pun. It has the same 
wings os in the Horn pan, but no scrape rs. The bi-aring#' u p fur the gear wheels t t and horizontal 
shttfi nr<* S4H on a Urarn utuhTiieath. 

The Coinbimttnm pan. Fig. 179b, is a combination of llio Winder and Patton pnn.s with a 
number of improvements on Iwtli. Its capacity is 15 tons in 21 hours. Tlie cast-iron ring a on the 
inside is carried much higher, and is made so lliat it cuui be removeil when nocoswry. The sidt*s h 
of the pan are of wmsl. Krimi the toj> of ih<* iron rim, al>out bin. of the sides is lint'd with -^-iii. 
eopjHT plates, and the wings i / have also copjuT plates, 10 in. wdde at the bottom, and 10 in. at the 
top, IkiUcmI to thorn. TJiis is done t<# help the amalgamation, whicli is always liner on tlie ooppei 
than on tJie iron. Some of Uie chief advantages of this pan are that the mulh'r o is loose from the 
muller stem //, and that IkiIIi the muller and the shoes d fit into slots. Tlic revolution of the muller 
kec‘ps them in place, but with a bitr they can l»c easily forct^d out when noeessnry. The mulltr is fixed 
in the atom by means of a key / in the screw thread ; by taking out the key and turning the mnllcr 
on the sUmi, it may lx> raised and kept at any height for any length of time, and as easily lovyered. 
The tlm*© wings t/ are attaclu^ to pieces of iron, which are dovetailed to fit into slots in tht^ side of 
the pan. A haUil wheel r and lever g, raises or lowers the. block ji>, and so regulates tlie distance 
between the shoos and dies. 
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Stevenson's nan Fiirs. 1797, 1798, docs not possess some of the mochenioal advMteges of the Com- 
binS^n, aSd hasILs grinding surface, though the distribuUon of the pulnM^ronghout toe pan 
than any otU on^acoount of the four double curved Slk 

introduced to throw the pulp to the outside and upper part of the pan, from whicJi it falls again 



under the lunller, and euMirt'S n nmximum 
umoiint of grinding. Ah tlie inuller,** are 
iieartT the centre of the pan, h‘sii )»ow<‘r in 
required to do the grinding tlian in oilier punn 
of the Piune capacity. Tlie iiiouMh rai.st* the 
pulp regularly without vhdenre, anti luiinit 
of a larger charge in tint pan. It ha^ n 
atcam bottom like the other pans, and the suspension is the same aw in tlie Horn and ruttoii 
pans. The iimller // is attached to the driver c/, which is keyed u|x>n the shaft by four legs ko 
that the space U*tvseen them and the cone is entirely free. It has six shoos which weigh UK) lb. 
each, and eight dies which weigh H511>. each. * The arfnngements for driving llu* pan uro 
the same as in the others ; it has a ea]iacity of 3500 lb. of pulp. Its total wt ight is 0500 Ih. 

The foTt going particulars an* taken from an excellent series of articles njx»n Aiualgtimaiion hy 
Dr. T. Eglr.ston w hich appeared in the pages of * Engineering ’ in 1870. Tlie subpet has also 
b*‘en already treated at length in the articles Aiualgaination Pun, liattery, Dres, and tiidver, in this 
Dictionary. 

ITERS. 

The most ordinary construction for neKlem piers coiihisU of circular hollow cnHt-ir<m screw 
pile.s siipixirting ea^t-iron liollow cylindrical columns, braced diagonally or otherw ise by w nought- 
iron bracing, in compression or in tf.nsion; these, in turn, suitaining a timtjer h^J^e^^tru^•lu^e, 
There are, howevtr, various other descriptions which an? frequently employed. It is not unusual 
to meet with a eomhination of various different materials in the same w'ork. Ft*r instance, a pier, 
the IxhIv of w'hich is f»f tlie onlinary cast-iron con.ntruction of screw piles aiul columns, may cany a 
timber head ; or a tiinl>€r bcxly may be supplied, either at first, or, us is frequently the cuix', at 
a sul>sequent j»eri<xl, with an iron head; and this, again, may lie either cast or wrought. 

In Figs. 17hy to l.MT the cast-iron con.-truotion ordinarily applied is illustrute<l, the example 
given Ixdng the pmr at Westwanl Ho! Tlie di'ck of the jiier is here 10 ft. in width, and is 
composed of open 9-in. planking, 2^ in. thick, ruuiiing longitudinally, and spiked down to tnuis- 
verso joist.«<, 11 in. by 2^ in., jdaced 5 ft. apart. These joists are supported two fiarallel 

12-in. by 12-in. balks, exb-nding throughout the Ixxly of the iiier, at a distance tt|xirt of III ft. from 
centre to cetitrc. In li( u of a railing on either side, stiut stamliirds are stipjdietl, fitted with tiinW*r 
seats, and forming sitting accornmodativin throiighont the entire length of the work. 'I'hey are of 
^st iron, placed 5 ft. ajiart, one upon each joist at each end, and the* Ixtek of tin* standard is tilhxl 
in witli four rails, the upi>er one b.iiig fonned of 2-in. witiught irou tubing, and the lower ones of 
ordinary 1-in. round bars. 

The IkhIv of the pier is sulxlivided hrigthwiix^* iiiU) Ixiys of 30 ft,, the longitudinal balks 
supfxirting the deck, nesting at eith« r e nd Ujion timlx r corViels, 10 ft. in length and of niiuilnr scant- 
ling to the former, lleneatli the ca-ntre of thi-se (yirlx*ls the load is taken by a cast-iron spreading 
brac^ket, the lower flange of which w firmly bolttxi to the npp<*r end of the cast-irtm oolumn. I'heao 
columns tenninate in cast-iron screw pilt*s entering the ground, each p.iir of columns inclining 
inwards at jlie too, and lx*ing held in ]»lacc in an upright {xaiition by n boriy.^»ntal 4-in. X 
€;xtending acros the 8truotnr<‘« above, and another similarly Ixdow, the whole pier being also 
diagonally brac< d by adjustable li-in. wrought iron itxlx, Utaring at either extremity a right or 
left-mimied screw for adjustmi'Tit, and Ixolted togetlar, in addition, at the ()oint of crossing. The 
longitudinal SO-ft, Ijulks are doubly trussed by IJ-iii. wrought Ixirs, one on euoh side; atid where 
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tho fall of the foroBhoro necesftitateB a Birotif^er form for the Bupporta in the deeper water, neats of 
f mr pilcB are Bubstituted for pairs of columns, theae being braced quadruply, and carried out in a 
second set below the first, if required. 

Dixotfs cast-iron piles are shown at Fig. 1803, and are designed for the purpose of driving in 
foreshores, where the ordinary screw or driven timber piles would be otherwise employed. They 

1799. 



are imuallyof oltout 8 in. intonial diameter, and 1 in. thickness of metal, cost in tlie form of a hollow 
cylindur, with four projecting ribs running the entire length of the pik*s, the external diameter 
over the llaiigiM being H in. The principal ol»j<*ction to driving cast-iron pili*s is tho liability 
of the maU*rttil to fracture under concussion, mid tliis Dixon avoids by the employment of n wooden 
dolly abovt' the lu'iid of tho pile. This is tiimcd to lit tho int« rior. and shouidortd so as to rest 
iifKin tho Hoedeet. a ring of indiarubbor, or »»mo other yielding ctnnprossihlo substanci', being inserted 
lH‘two<*n this shoulder and tho iron, to dondon tho conouivsinn. By this moans it is found that 
tht se piles may bo sjifely and Micoossfully tlrivcn to a grout depth. 

Fig. ISO I is a section o!’ a circular column such as is commonly uschI in combination with a screw 
j>ilc. It is intrcKlnccHl here for tho sake of comimrisou ; its diameU*r is externally 0 in., witli a 
thickness of j in., thos<i dimensions being varied acconling to circumstances. 

Dowson's wnmght-inm columns are forimnl from plate.s rollcnl to the form Fig. 1S02. and riveted 
together in sets of fiiir, in order to obti\in the rt*quired cinmlar form. Hingly, tin se ndled plates 
art! frtMpiently employed for the c(*\ering of bridges and other similar works, in cases where it may 
/C an esjH>cia’l objcH.q*to e<H»nomi7.o la adwny, being laid ‘•ide by side as at Fig. ISOo. For combina- 
tion it will Ih* sih u tliat these plate.s form a p«x>d and ligid piece of work. Dowson's piles are 
usually of an inWriml diameter of in. The thickness of the plates from whii'h they rolled is 
2 in. or iherca1>outs, and the thickness of each plate, laid Hut, is from to in. 

Fig. 1800 is a »M:H’tion of one of the columns wliich tirv fnn^uently constructeil from a pair 
of Barlow rails. These an» rivtted together, back to back, in convenient lengths, forming a 
cidumti of 11 ill. diameter. Tluso rails arc now seldom einpb»yed for permanent way, and conse- 
quently tlioy limy readily bo jinK'Hied at a moilemie cost for pier work. 

Fig. 1808 shows a section of a wrought-imn cohimn, invented by J. W. Wilson, employed for tho 
construction of the pier iii We.stward Ho! These columns were formed of two side plates of 
wrought iffin 1 in. thick, cumiRHUttHl bv two iuterveuiiig 7-iii. cliannol irons, one having the channel 
facing outwards, the other facing inwards. The plates ami channels are iMmiundcHi by plain 
and counierHunk rivets: by this moans a rigid 3-in. upright w'as formed. Tho external channel 
iron, in this case, is well adiiptcal for the rweption of the rinpiisite rubbing timbers neotssary at the 
hood of a pier. Tho cuds of those columns are beut over outwaixls on all four sides, and iiuishcil 
so as to form a circular tlaiige, which may be readily couuocted with corresponding fiauges on the 
piles below or tho structure alxive. 



922 


PIEBS. 


The piles. Fig. 1807, are those which were employed in connection with the columns just 
describecL They were of cast iron and hollow in section, of an external diameter of 9 in. imme- 
diately below’ the upper flange, and increased gradually in dinnioter to llj^in. at the lower 
extremity ; the total Jongtli was variable, according to the section of the foreshorei and the 
distance of the pile in the rock was 8 ft. t> in. _ 

The metal of the pile in ilie upper part was ^ S 

1^ in. in thickness, and this gradually in- 

creased until, at a j)oint 6 in. below' the sur- [CTf )n| 

face of the rock in which it was sunk, the 
^icknesB of metal was 4 in. on either side, 

From this pnnt the contracted opening in the 

centre of the pile gradually expanded, the J9SL 

metal being reduced to 1 in. in tldckness at the ftt 

lower extremity. By this means a pile was If/ 11 

obtained of sufficient rigidity for the wrought- « JLU 

iron superstructure, and one which was free i,,, , 

from the objet'tions to wrought-iron piles. The 

holes sunk in tiie rock for the reception of / I 

these piles W’ere of 13 in. diameter, and they / / 

were sunk parallel dowrnwards, the surround- / / 

ing space lx?ing filled with cement, giving / I 

a perfectly solid foundation to the 8n|>t‘r?truo- j I 

lure. The pih^s were also filled up to tlio ! j 

ground line internally with cement conciV‘to. | j 

The body piles of this pier were of similar con- j I ^ 

striiction to the head piles, the flange at the j j ^ 

top being replaced by an ordinary octiigonal j I ^ 

socket, for the reception of a cast-iron column. i I 

A j)lan, due to lirnnleos, is frequently adopted / / ^ 

for the purjxiae of obviating tin* screwing of ' iLy I 

]ules, in foreshores in w'bich sand is the ^ 1 

principal ingredient. The piles in question jVt\ 

are of east ir m and of ordinary diameter, WJ ^ 

having the base extended coubidtrably to atford M ^ 

sufficient sup|>ort for the superstructure, and jmii. ■ji piinTPiM^ n j s-Ii.umi 

tinishiug at the lower extremity in a greatly 

contrach d njxjning of fnaii 2 in. to 3 in. dia- ' ^ 

meter. This enlarged ba.se bear. s tcw'>tlied edges, 

in order to pass freely any interposing layer of ' V ' 

hardened mud, or clay, or other obsmefe. A ^ 

tube of iron passes down the centre of the 

hollow pile or column, c»f such a diameter as to fit the small opening Iwlow in the disc Ixise, beyond 
which it €-xtends for a short di.*'taiice. The upprr ernl of tliis tula* is ]daeed in eonneetum with a 
pliable hose, by which mf^ans communication is established with s<^>me c(>nvenient pumping |K>wer, 
and the whole apparatus is supjstrted as ff»und most convenient, according to cl rciiinhtanees. On 
pumping ]>eing cominenccfd witli tin* f»ile in jxmitiun, the sand is di*»turls*d or blown up on all sidt'S 
by the downward force of the constant stream supjdied, and the pile ni]»i<ily descends, and a constant 
Ttciprocation supplied at the same time by external contrivance, prevents clogging and aids Uio 
descent. 



The pnmpinp m siisi^ nflerl ns soon ns llic necessary depth is constdere*! to be reacbed, and tb« 
tuts- Irf-inp extmeted Irem the interior, the <listnrl«d sand iniinodinb 1y siimmiidinir tlie pile 
prndimlly settles down and In comes quite m.lid. Tiles may In; sunk by this iiuaiis to a depth of 
i / ft. or IH ft. in from twenty 1o thirty minuteg. * 

Tins pr<w( K8 may lie equally well earned oh ujion tlie foreshore itself, or from a ruff and is 
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Localities are frequently met with whore the nature of the situation, the excessive rise and fall 
of the tide, the exposed position of the structure, or some other reasons necessitate tiie elevation of 
tlu> deck to a grcat<*r height than is ordinarily the case. In such instances it is usual to employ 
wrought-iron work to a1arg(;r extent, not only in the superstructure, but in the supports to the work 
themselves. As an instance of this may be mentioned the pier erected ut Clevedon, in Somerset. 







'rijcre is a rise and fall of tide here of nearly 46 ft., and ^ p 

wrought iron may bo called the exclusive material of wliieb 'I .I'-t 

the work is eonstruch'd, there being considerably h-ss than 

10 tons of cast iron employed, while there are said to he j'A'V 

upwards of 3;>0 tons of wrouglit work in the structure in r • ' ' 'j r ^‘1 

all. The main part of this structure is formed by two li f '’/i 

wrouglit girders formed of plate work, and extending in two j'AAi 

parallel lines eontinuoUHly throughout the work ; and the f | 

)>it r is dividi'il into eight hays of 100 ft. eacli, being supplied 
with a T h<‘ad 4*2 ft. bmnd and 50 ft. long. The di-pth of 

thew* ginh rs is It ft. bin. The eoluinns emidoyed wvre those rnentionrd previously as lieing formed 
from e^iinbincfl pairs of Barlow' rails riveteu b gi ther, and extended alie»vo the ground to a height of 
in» letm than 05 It. Thf'V w< rt‘ connected vrith tht‘ sliore, which consists of bard limestone coverefi 
witli mml in a moist state, intersjienafd with loo.se rocky blocks, by inean.n of a sr»lid WToiight-iron 
bar extending in u downward direction as far as the sr»Iid nn'k, a distance of HomGtime.s 14 ft. or 
15 ft. q’be bar laid at its cxtnMiiity a cast-iron screw of upwards of 2 ft. diaimder. Thus, in this 
work the total length over till, of pile and column, rtaeht'd in some instances us much as 80 ft. Thu 



stability of the stinicture is further increased by the rails forming the columns being convergent, 
and Mug Inmt over at the top in either direction, by which means is ft»rmcd an tirch of great 
rigidity. The total length of Cleveland pier over nil is 842 IT., and the breadth of the body 20 ft. 
At low*WHt<T spring tides the depth of water at the htvid is (» ft. The Westward Ho! pier to which 
niforonce has already made waa constructed by J. Wilson, and runs out seawards from the shore 
in Didcford Bay, extending in a northerly diradion. Tiie foreshore below the olitf, which is 
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entirely oompoeed of rooky shale, dipping; at an angle of about 45°*, is covered at high tide with a 
depth of from 6 ft. to S3 ft of water. The shore falls from below the cliff at an incline of about 1 in 



35 for a distance of alwut 360 ft., when there oceuri a sudden fall of 12 ft. or 14 ft., the shore then 
running out seawards at a gradual sloi>e of C in. in 100 ft. These upjicr ond lower plateaux arc of 





«noi«t Irregular ourfkoc., the upper one renecially being iotereecUwl by dwp gullies 

iliroctions? The nhale in much hardt^ncd on tho upi^r or exiKmed mrfac^. rhene 

uovorca with Inriro obloiiir flint and otheT boulders, varying in size fnnu b m. to 2 ft. to 8 ft. diameter. 
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The pier is erected upon cast* iron columns, with the exception of the head, where the grcwih'r 
depth of water neces8itate<l the use of the wrought*iron columns, Fig. 1808. In all ceases both de- 
soriptiona of columns are placed upon c4i8t-iron cylindrical piles, Fig. 1807. The holes re<iuired to 
receive these were sunk in the rock by jumping, whore practicable, but otherwise, tht> plan 
adopted for sinking the piles in the foreshore under water, is that shown by Fig. 1809. The piles 
were of lengths varying fixmi 1*2 ft. to 15 ft., as rotiuireil by the formation of the ground and the 
arrangement of the sujxirstruclure, anil they were of 11 in. external diameter. The Imles in the 
rock to receive them were 1*2 in. diameter. The depth of water over the holes varied fnun 0 ft. at 
low water to upwards of 30 ft. at high water. An outrigger was omistfucted of timber to project 
35 ft. beyond the present end of the pier; this outrigger being snpj>orted at the extreme end hy 
spars shod with ir*m, resting upon the rock in which the holes had to bo worked. An iron 
cylinder 8 ft. long and 14 in. iuterual diameter, made in halves and jointed, the joint being parallel 
to the length, was lowered oii each siile of tlie outrigger, and kept in an upright position by being 
firmly secured to the spars. The position of the outrigger, spars, and cylinders was arranged so 
that the cylindi^rs stood on the rock exactly over the side of the required hole. The heavy jnm[)er, 
whieh worked through tvro cylinders. Fig. 1809, was a four-winged ti>oI with a 6-iu. lea*ling point, the 
shaft bi'ing round and of 3 in. diameter ; the total length 4 ft. G in. The juiiq^er W'as further con- 
nected to ujiright rods of 2 in. round iron, screwed togi thcr in lengths. The top of the jumfH>r rotl 
was fnsteneil to a shackle and chain which led over a pulley, placed upon the framework crecteii on 
tlie outrigger, exactly over tlio centre of the hole. A strong roi>e was tikeii from this chain thmiigh 
guiilo pulleys to a w'iuch liarrel, which was driven by a jiortuble steam, engine on the dt^ck of the 
pier. Two men were stationcil at n, with the ends of the ropes which were to lift the jumper coiled 
twice round the winch barrel. By liaulingon the free end until the jumper rojw had been drawn 
in 3 or 4 ft., and then suddimly surging or letting go, an<l 8teii4lily ret>eating the pntcess, a constant 
rise and fall of the jumi>er was e.isily maintained through the cylinder on to the rock. An arrange- 
ment of l^evel gear at tlie top of the jumj*er ro«ls, enabled them to be sliglitly mvolved from time to 
time nt each occasion of the rising of the juiui>er. 

When the jumper had entered to the rcquireil depth, and the hole was conse<iucntly eomph*tc, 
the tool was withdrawn and a pile lowered without ilifiiculty into its phu'C. The attendant diver 
then, through diK)rways made to ojkmi through the lower j».irt of the cylinder, siHuired the pile in 
jwsition, by means of the customary wrought-irou wedges and concrete. Afb*r the coliitiins ami 
brackets had l>t‘en built on the piles, the joint loil of the cylinders was withdrawn; the eyluiders 
then parted in halves, an«l were easily removed, to l)e emi>loye<l again in a similar operation*. 

The effect of the bottom scour <*f the grouml sea was otten to till up the hole %vith gravvl, 
slough, and small pebbles, even faster than the juin|K‘r worked down ; so that often u hole which 
was, saj', 2 ft, deep in the morning would, after a ilay s steady work, be only I fi. deep in tho 
evi'uing, and, if jumping wt-re suspended f«»r two or three hour.s, would be entirely tilled up. 

The plan at la.st invariably adopteil was, after sbirtiug a hole, not to stop day or night until it 
wa.s coni]»ieted. 

Fig.s. ISIO lo 18*23 are of a floating fder and approaeli, designed by Hobin.son and Jan.s >n to suit 
the rise and fall of the tile, so a.s to allow at all iinie.s the easy ami’ in i interrupted flow of traflie. 
The .'itago it.self ha.s no unnsual feattiro about it. It consists a platform resting on longitudinal 
wroiight-iron girders, sup|>orte<l by wrought-iron js mtofui.s, any one of which can Im‘ removt d ami 
rejiaircd, or replac<*d hy another, without in any way interfeiiiig with the tmflic <»r the sitfojy of the 
stage, and retaiuecl in position hy mix>ring chain.** in tlie onlinary way. 'J’he longitudinal girders 
are of such a section ami strength, as to .*,ecure a mean of the rise* and fall of the innum.-ralde siiihU 
waves which atLick the iKHit»K»n.s, and at tl>e same time to h ave lo the stage sm‘h a degree 
of pliancy as in rough weather would allow it V* partake of tin; wave motion of the water to 
relatively a small degie*-, and thus avoid uiineces.-^ary eX|H use in the stiffness of the girders, or the 
ilanger that wroulil tollow from tlie stage being js^iineiiiiies supjiorteii on the crests of u few waves at 
great ilistance.s apurt. 


One half of the stage i.s devoteil to pa.sM iiger truttlc, and the other half to merchundi-rf*. The 
connection witli the shore is hy means of a floating bridge 429 ft. long and 33 ft, broad, divided 
ill two by a hamirail down the middle ; so that |msscnger« are kept to one side of it umfgooib to 
the other, as Figs. 1810, 1810. The briilge riMjs ami falls with the tide, and consists of six 70-fl 
lengths, joined together by universal points. Figs, 1817 to 1823. Kach length of 79 ft is carried 
on two wrought-iron plate girders and a centre U*x girder, whieh are liorne hy two wrought-iron 
Ijontoons at each end of the span, moored in the same manner as the stage. At low water 
these iK>ntoon.s settle down on gridirons, eomstruebd of timls r and screw piles, and at a gradient 
ot 1 m I;>; bo that at the extreme low water the whole h iiglh of tho roadway of the bridge will 
be at an inclination of 1 m lo. As the tide ri.**es. part of it will Is* at this angle and part level. 
\\hen the water h) its extreme height of 32 ft., the first Sjmn from the slmro will in 


- -- ' . ..... — TV,”*'" It., viit; uini. span iroiii me siioro wi 1 rat in 

the ,x>8ition Bho^TO. All the Kri.lirenB aie BurroiiticU»l hy paJinR (.ut.p..rted hy the eutBi.l,, „il, * 
w}..<-h ^e caiT.ed 5 ft. a in. above the level of the floor of the (;ri.{ifoti«. an L tho er..t!l!-r.iti.;n 
iMg. 1821. I his paling is for the purjiose. of acting us a breakwater, so tliat the iKuitoons iimv 
Bettle on their U^.ls in culm water un.l without any cr.i.cn«Mon. tig. lni:i i* an elevation <ff 
the hri.lge ami eu. vn w of the bta^'e, bhouinn how tl.e hri.lKe in cf.imtrncted ami earri.H hv 
the ivnitoons; Jiff. 18a0 ib a plan of the hriilxe for pii«Heiiger» uiul luorchaii.liae, and of the oftieea 
n Btape and bliore. hi)'. 181C ib a plan of the Kridiroini of tlie Hume, and Fig. I«'.4I a eiOM-MH'tinn 
thiongli the bridge and one of the jionU<on» re»tiiig on ita gridiron, also a view of the irirde» /f ii 1 
bridge. FigH. 1814, 1815, detaila of the attachment to thoBhore ‘ 

The wlede of the wrought iron iiaed for the work U> which tliia deeign refem muut be caDahh, ot 
^nng a teiiBile Btra.n of at W 22 tom, a Bq. in. of acetion, without braaking ; or of T« a 

l>mvKr“ oUn inch a 
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PILE DRIVER. 

Oq the oontinent of Europe many economical and effective plane of driving piles have been 
devised, and amongst those an arrangement of steam pile-drivers by which several may ^ worked 
by one engine. The apparatus to the left of Fig. 1824 consists of three parts, a steam engine, which 
may be of any portable form ; an arrnngeinqnt €»f grooved pulleys mounted ou a wood frame, uud 
termed a distrioutor, which is driven by the engine, and from winch the several pile drivers are 



workeil ; rind the jule drivers. All these may bo jdneed in such varied positions as the oircurn- 
stain'es of practice may dictate, as they are nut conneoterl exet-pt by the working and hauling ropes. 
Three pile drivers, \vt>rked from a di>trthutor driven by one engine, were uschI for driving the 
Dresden Hritlge )»i!e8. All or eitlier of the pile ilriv< rs may Ik; worked from this distributor at one 
time, or some may work while otht‘rH are Ixdng shifte*! for driving other piles. This apparatus 
ctnisists of a Ktmple wotkI frami* currying a main shaft, worked by a strap from the CTigine. Tliis 
satne shaft carrii-s three doiihle-griHivcil pulley.s </, over which run the ropes for driving tlie ro|H> 
M inding barrels of the pile drivers. These pulleys are l«Hvst» on the shaft, and all or any of them may l>o 
put into gear or fixed by means of clutches moved by levers. 

On the r«*ur of the frame rails are fixed ’ijs»n six beams, carrying small carriages .‘sujiporting 
donhle>gTo»>viHl h*os<’ pulleys, similar to </, and over the two s<ds of ^ u leys the pih; tlriver n*]K*s take 
a double turn, so that by means of weights suspi nded on chains, the caniages form a slack rope 
gear, by means of which the driving rofs's are kept tight, during any small changes in the distance 
IsdwiMUi the distributor and the pile driver. The driving roi»cs being double Ixlvveen the pulleys 
on the distributor, and single U^tween them and the pile driver, a given moment in the carriages 
allows of twiee that moveimmt l>etw€»en the distribiih»r and pde driver without stopping tho 
apparatus. As tho pile lirivers are seldom op|>*»8ite the pulleys guiding rollers are necessary, 
each, double pair of these being mounted on vertical spindles, capable of a certain amount (if motion 
in a vertical plane, and controlled by screws, liy this arrangement the ropes are kept in the plane 
of tho griKivod pulleys f/, and normal the rrdlers, whnU^ver their inclination lM?y<uid these. 

The pile driver in general construction is similar Uy that in ordinary use, no other prt'f laration 
Ising ncedeil than a pair of tinil>ors to n'coive tlio vrinding-giaiT frame. A cylindrical guide 
replaces the ordinary giii<i<Mi for the monkey, and liesidos Indng very simple, admits of working the 
latter below the level (*f driver. Figs. IH27, 1S28 illwstnite tho winding gear by which the monkey 
is liftiHl. It consists of a wisslen frame carrying double gear, by w hich the sihhhI of the lifting rojx* 
is reduced to A that of the distribnt(*r rojx*. On tho shaft r, squared ou the ends to rtH*ei ye handles, 
is flxiHi a grcxived pulley F, over which runs the driving rofx* from the distributor. This pnlhw 
may be shifUnl to tbo positions />" on tho shafts r and r,'" thus providing for changes in the ridativo 
IKksitions of diatributor and pile driv»*r. The winding drum r, l(K)se u|s»n th»^ shaft A, is driven by 
^he spur whi>ei a, In’twixm the side of which and the drum is a disc of w'<hh1/, forming a friction 
clutch thrown tn or out of gear by a quivrter turn of the screw i and tho lever e. To facilitate the 
rfunoval of tin? pile driver, snadl inolh rs, carried iu forked screwi'il stems. Fig. 1831, are fixeii under 
each CH.irner of the fiamiiig. The monkey employed weighcnl 1100 lb., tho most efiet?live mean full 
' ‘ : about 8 ft. 21 iu. Tho velocity of elevation of the monkey was 82 ft. a minute, so that the 
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work done in lifting it, or the work of one pile driver = ^ = 2’7n liorso-power, or 8*19 for 

tlie three. The engine omjdoyod made 120 revolutions n minuhs and was 7*92 nominal horso*power. 
It may be here noted that as all three of the nionkt^ys w'oul*! very seldom be lifting at one time, the 
horse-power actually roij^uircd would bo considerably dess than that necessary for each machiuc. 


1827. 


1829. 



multiplied by the number of tlie latter. The work for driving th«j piles for the three caissons of the 
first pi(*r frir the bridtre at l>rej^dcn, xshere an t.rnmgenieiit Hindi as this was empleyiHl, commenntHl 
on the 27th of August, and terminated f»n the 2rid of Septc'inber, 1875, after sixty-six hours* work, 
including the time occupied in m<»oring and fixing the plant. 

The work executed is detailed in Table 1 ; — 

Table I. — Piles Dhivk.v. 


Nuni1>tT i 



I>p-nctth 

Total 


TfdrtJ 

of ; 

IrianjeU'r. , 

Length. 

ilriv»‘n in 

V*'i»gih 

of Vil>n 

< uhtC i'Of 




<»rounil. 

driven. 

in round 

in (troiim 


inch* 



fpcl. 



70 

1181 

29-52 

592-50 


450 0 


21 

y-Hi 

29-52 

89 


17-3 


15 

7-87 > 

23 0 

59*00 

740-50 

f 26-8 

riui-i 


Fig. I«:i2 i«a diagram showing the rate of d< «cerit of the pi h^. The almcissm represent the 
time 2 mm. to the minute, the ordinates a descent of 50 niiii. h) the meter. 

The earth into wliich the piles were driven consists at the stirfnce com|>a<'t gravel with largo 
imbedfiecl stones, and about a yard below the surface basrilt and jiorphyry boulders of considcrmble 
hize. These are shf»w'n in Fig. 1826, whicli will 1 k^ hcreafb r referred to. The piles were shod with 
four-branch wrought-iron sliocis, Fig. 1825, which weighed alx>ut 2G*4 lb. ; few of Uic»m cam© off* 
and none were brr^ken in driving. 

In Fig. 1826 at I is a normal pile, 2 one driven by hand. 3 steam-driven, 4 and 5 powder-drivim. 

The appamtus descnhc5d was employed in the construction of qiiiiys on the KUh^ at llnniden- 
AltHdat, with the following rcsulte, the piles driven forming an enclosure with straight lines 
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ooimoctad by curves of long radius. It was farmed with 459 main piles from 18 ft. 1| in. to 16 ft. 5 in. 
ill length, and alxiut 7*5 in. square; and 1681 Intermediate piles of a mean length of about 13ft., 
and 9*84 by 2 * 75 in. in section. The principal piles wero driven from 5 ft. to about 7 ft. into the 
ground, and the Intermediary or sheeting piles to about 3 ft. 11 in. The material driven into was 
about the same as that alrtsady describcHl. The total quantity of piles driven into the ground 
amounted altogether to about 2085 cubic feet. The work was done by similar staff to that described 
above, and lasted thirty-two days of ten hours, or 320 hours for eleven men. The work done in 
cubic feet driven was ; — 

Bridge, work an Lour = 7 * 76 cubic ft. 


2683*3 

Quays, work an hour -xr--— = 8*4 cubic ft. 

iSZi) 


The monkey used for this sheet piling weighed about 900 lb., and the average fall was nearly 10 ft. 
Altogether alK>ut 120,000 blows were struck. TJiis averaged forty-four blows a cubic foot of pile 
burieil. The monkey was lifted at a velocity of 65*6 ft. a minute, the work of each pile driver 
being thus ; 65*6 x 900 = 59,010 
fo<»t pounds, or 1 * 8 hor8e-iK>wcr, 
or 5 • 4 horse-power for the thrt»e 
pile drivers. The engiiu‘ <*rn- 
ployed liiul a cylinder 10*23 in. 
in iliaineter, witli a stroke of 
15*75 in. The steam ukmI was 
ftt u pn‘ssure of three atmo- 
spheres cut off at one-third. It 
is remarkcnl that by having tbr<M? 
pile <1 livers arranged aiul Miit- 
ai)ly fixed to one. pontoon of eon- 
Hid<*rai>le size, each pile driver 
is much Hkaidier, and the work 
can be Indter cbme than when 
only one jdle driver is u.sed, the 
tendency of each nniehine in 
work Ining tocorrectany swaying 
or mf»tioii rause<i by tin* othiTs. 

For driving piles in iht* con- 
struction of other bridges on the 
C«eriJian rivers, ordinary pile 
drivers witli monkeys guideii in 
sliib’s and reb used by a drr>p 
bo»»k w*ere used. l*^ch was driven by a separate engine. The drums wero put in or out of gear by 
a clutch lever, which also commandf'd the brake, and which prevente<l the elmin w'iiolly unwinding 
from tht‘ drum wlu'ii the monkey <lropjK*d, and s<'» causing a vraste of time in re-winding. 

The guiipow'der pih^dri>cr used on these W'orks was Shaw’s, inrxliried by Reidinger. F'igs. 1829, 
1830 give the priueipal details, and the right uf F’ig. 1824 a genend view, llie frame is very strong, 
and of iron, sup|Mirte<l on a turntabb' carnage, w’hich may run on rails. The wIkh Is may be easily 
t:ik<‘ii <«fl' for fixing the apparatus on a poiibmii. The principal part of the frann* recidves the 
monkey gni<les, amt is made of vertical angle iron.s 5*1 in. by 3*5 in. by *6 in., comiect^'d together 
by a cast-imn headpi^H^e T, and held in a step casting at the iKittom, capable of turning on the 
carriage so as to suit any given angle at which it may be desired to drive a pile. The two angle 
irons tt, forming the principal part of the frame, arc (xmnected by curvt'd angle irons i.t al>out 
every 31 in. of the heiglit of the frame, ami these are connected together by a "T iron II The 
priueipal part of the fnime is held in equilibrium in the fnmt by tw*o angle irons .3 *15 in. by 3*1.5 in. 
i>y *47 in., bracing the bea<l X '**on on the ehariot. An I iron J, 5 in. by 3 in. by 47 in. (Fig. 1829), 
forms a brace, and constitutes a thinl-part of the frame. Thi.s is fixed at the roar part of the 
carriagi» by a bolt 1*5 in. in diameter. The m<»nkey i»f the steam pilo ilrivt r is replaced by two 
Bojiarak' plows, the out?, M, fixed on the pile is of cast steel, the other, N, of cast iron, sliding by 
projwtions cast thereon Im tw*e» n guides (1 O. The part M c irries similar pn^jeetions, and fits in the 
same manner between the guides. This piece, called the mortar, is of elliptical section, and 
encircles the pib» by a recess at the lower part. The lM>re i.s tJ in. diam. and 24*4 in. length.^ The 
monkey is also hollow at the upper nart, the l>ore l>eing 8*26 in. in diam. At tiie base 6x?d a 
stem temdnating in a piston fitting in the mortar M. From tlie crown T depends a second )»istou 
O, wrre8|K»n<ling to the bore in the upper part of the monkey. The brake F for 8npi>orting the 
monkey is of X 2*36 in. by 2*36 in. by *43 in. This X operated by levers L, 

forming a paralhd motion anJ oscillating on the curved stays of the frame. The monkey is pro- 
vidttd lit the back with a siirfae^o wliich engages with the brake. Mortar and monkey can l>e raised 
separately or together by means of a chain over the pulley R, commanded by a windlass fixed on 
the brace J. 

The principal diniensions of the pile are as follows ; — Total height above rails, 37 ft, 1 in., 
length of carriage forming the hose, 11 ft. 2 in. ; width, 8 ft. 8 in. ; widtn lietwcen rails, 8 ft. 2*75 in. 
Weight of mou£ey, 13 cwt. 3 or. 3 lb. ; weight of mortar, 15 cwt. 2 qr. 27 lb. ; weight of carriage, 
1 ton. 11 cwt. 3 qr. 6 lb. ; weight of rest of frame, 2 tons 19 owl. 5 lb. 

The maximum dimensions of the piles which can lie driven by this machine in comimct gravel 
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is 23 ft. in lon^rth and about 12 in. in diam. Tlie explosive charge is made up in dry paper prepared 
at the works, the heaviest yet used being about 385 grains. 

Two men ere necessary to work the appanitus ; one to nitond to the brake and one to introduce 
the jwwder charge ; and about six to eight men occupieti in bringing and placing the piles, working 
the windlass, and removing the pile driver. The monkey being susi^nidetl at siifhcient height, the 
man at the brake orders the introduction of the charge into ttie mortar, and then reh'oses the 
monkey. Tlie piston P compresses the air, which forms an elastic cushion un<ler the pressure of 
from 20 to 2.'> atmospheres. A great elevation of the temperature of course follows, and the fiow<ler 
charge is thereby igiiiteil, and the monkey again elevated by the pc^wder gases and the compressed 
air. The work of raising the monkey is thus done upon the tnle, as well as that of cheeking its 
descent after a given fall. It is said tliat the air cushion is effective in reducing the impact upon 
explosion, the jiile Iniing placed rather umlcr a heavy pressure than receiving a severe shock. 
Fig, 1820, which is of some of the pile's after Iving driven by the different means, suggests that 
the slK>ck is much more severe than with the steam pile-driver. The prt'sanro exerted hy the 
gunjvowder j>ile-driver upon the jule is comi)osed of tlie following factors; the weight of the mortar, 
the rompres>i(»n of the air, the force of the explosion of the powder, the reaction due tho 
expansion of the gas during n'coil. and the weight of tho monkey — the action of which is inversely 
pro|)ortional to the msistanci' of the descent of the pile. 

llie ofK'rations connected with the application of the brake require nn experieneetl hand and eye. 
If improperly workeil the brake will clu'ck tlio ascent of the monkey to tlie fixt^l piston (>. I’lio 
operation is the affair of hut four or five s<>coii<ls, the commnml to fire is rei»eated, a s<*coiid stroke 
follows, and this is re|x^ated ten or fifteen times, after which a pause is made gr< ase the piston, 
clean tlie hreoch. and permit the cooling of the mortar. In exp<*riments nia^le bv Hact|iiard, twenty 
strokes a minute with 30S grains of jKiwder were sehlom exct‘edeil. With this nuinlHT of strokes 
the mortar iM cauie so hot that the powder was liable to exphnle before the fiir entry i>f the monkey 
piston, so that the proper effect of the eX]dosiou was lost, and the monkey had to Iks rais4*d by hand 
wimilass. The dilatation of tlu* mortar al.''^> re.siilt€'<l, either in the non-exph»sion of tin* js>wder, 
Iw-caus*' the air es*'aped past the piston instead of becoming cvanpresMHl and heated, or els^- tho 
p<»wder gases esc.a[XMl when the j^»o\vder was lirtnl l>y the luateil air. The piston in thes4‘ ai-es was 
Very liable sntl'er deformation. It is thus necessary that the.se tools slioiild be jdaced only in tho 
liaiuls of eareful men, Tiiough in some resjxn'ts this is idijeetionable, the mechanical work nlitained, 
being the rt-.Milt of prc.ssnres and not of re|>euted shocks, does not pr<Mlnccon the framework the 
.<'€’V€'rc vibration.^ common, and which nc-e# ssitate so much re|>air to pile dri\ers work* il by steam on 
the Xasniyth primdple. From thesk* eon-id»Tations the employment of gun{s>\vd( r wouhl seem not to 
be liable to the losses of time inlierent with steam pile-driver.-*, ff»r getting up steiiiii, and their 
inaijipulnti<m. Stoam always re<iuire» tho }»resence <'f the elemonts an*l tools for its pnslin'tiou, 
while tho fs'iwder is a sinqile motor, emmngazineil, and always ready for netion. For tho.m- reasons 
it is th(»nght that it will be larg dy omplov<.*d in the future, more particularly f**r light work. 

At 1 >re.-d* n Brhlgc* the apjiaratns was iist-tl more to obtain t'X|x rimf-iit d results tlian for any- 
thing ol-'o, as it was known tliat the ground was not sneh a.- vv«»iild give tlo' Is'st op|M»rlunity for 
sncces-^fnl work bv this cl. ixs of iiiot*»r. It was thorofon- at first worked iindor coialilions simihir to 
fho>f' for working w le n ^Irixing pdo< in tie* lH>ttom of an ex^’itvation, a.s imiieated by Fig. lH2tJ, 
whil.-t sf« am jub -drivors w<'rk» d in tlo* riv< r. Idie ♦ xoavation wa-^ for the foundati^ui of a pier of 
I'sfl square* metre.-^ of snsfuoo in a dam, also r« pn sento<| t»y Fig. IH23. It was at first chunsl of tho 
r^M-k-. whirl) pr vi-nied f*ili^'g, »mi the work of ^inkiT^g then fsTforme-il by aid of waling lioard, 
batten-* find I'Timj'inj'. to a rleptli of u]»ont 1.3 tt. bej.»w z» r<», when, the fmijij[> l>«dng insnttii-ient, it 
wjf* p.solvtil to have reei'urse tn pilirjg and conrreling the« xcuMition. We have tlius contined this 
fh-^eripiion to thns* typo- of pdedrivers, working under similar eomiitir»ns as to th** groiiml into 
wiiich tin ]«de.-* wa re flriven. 'I bese comjtjirati\e re-.ults, at»*l thfw obtainrd in the cen.striiction of 
the M tijth:ui-eii and Stt vt rreg bri*lg' .s on the I^fitiub , ajid tho«e of T* tscht n ami of Aiis.sig on the 
Idbe. witli jjaml and .-t« am pile-dri%'* rs are giv« n in Table II. 


Tht* tjine fK'cnpied in driving a pile, which was on an average fort y minutes, ia thus analyzed ; — 
I>nration of etfecting tiring, five mnoiT^s; lime in stops fur greii*ing. fifU-eii miniJt«*8 ; 

getting r«a]y for driving, live minnt* s ; Mo^m m ceH^ilut#•^! by the |jassage of the public, fiftcien 
minute,-, - f .rfv niitintes, 7’h** employment of j*owder in a town tlnis involved a ln«s of 37 p<-r <x.‘nt. 
of actual wofk. 'I'he-e cfinditiotiS do not es Ifirgely uflect the p)tJtl c<»st ns might Is* fX|iec?UMl^ 
becan.-<i tin- e»<n-.tani, ih4* j***w<l, r. which repr* -* nts the principal fAr’U>r, als'jut two-tdiinls the Urhd 
exp♦n^e. plfi ving the pritieipal port, it i.s m e f*snry to ^ ek its lK*st implicution. Ti> obtain this 
r^-iult. we have the eoijipan-toj) of Ihf* me, bariicnJ work, and the r*neclive work in for»t tH)tiiids 
fei til*- ditll r*nt earths, and al-o the work f»f a gra.n of |H.wder, from which wc? inav de<luee co- 
entrit'nls, by the aid of whadi we etiTt .tsc# rtaiii tlie eh.irge of |»f*w»ler iM*ci-sHary f*tT h giv» u ofM'riition, 
It admits al^^ <*f » rtinifitstig tie* eoi^t, at>d whether )H.w<ier is ap).bcable or in»t. In the ease of tho 
<txcivut(f»r at 1 >re-den, the j/ihs were 
mcch.anical w**rk js-rformed by 
to a iiif. 
the ea-c will 


iu. Hqiiare, and armed wjib the stime sho4*s. 'I’ho 
lical w**rk fs rforrned by tlie inen working a Is di-ringer pile driver, ami in driving the pih*« 
f.an depth of rr.oh ft., wan J f<s*t {k*iiii*Is. For dnvizig fo |)ie deiith ft , os was 


the |siwder machine, the wf*rk remaining sensibly pr^qiortionul f<‘r the increased 

frsd {Sounds. The equivalent of one 


df pth, the ftsd jsiuinlrf will \h: 


irraiiimo— l.T-* (.Tainn— wnn tliUH in tliw grtmiKl and tindor tho jcivon condition)) =r 

IlC-.’i f.K.t Prom wi.nt will follow it will U- wc, that llw ni.-rh«nic«l cflcct of one 

>t ijowdcr Blioiild at Irjwl I.,- d.viiMf.1, f„r iho ii|.i.ar..tij. i. uhh: to (-.oliifict)-, oh to oowI of ito work, 

eta ) Tw".‘ ii' f' Y' '.'**■ *'«l*ri..H nl. have «Ik>wi. that tiw 

lai ( xiK-nUiUinr of iK)wd<;r diniiniMlioM i>iT>]iortioiiaU.|y a. the weiKht used incrcoac*. Prom thia it 
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ifl oonclndod that the nenror the charge approaches the maximum limit, the nearer the most useful 
effect of the apfiaratus is approHched. Given a mortar of sufticieiit strength, nu<l a monkey eorre- 
sjHiiuling, the inaxiinurn charge has only a limit in the limit of elasticity of the pile itself. Thus, 
in the cose cited, the charge of 20 graiiiinca— corresponding U) the resistance of the mortar — gave 
0 j»er cent, of ruptured piles, and doterinincd for ordinary use the maximum charge for the pile as 
well as for the mrtrtar. From this it results that tlie nature t»f Uie ;;round reacting more or less on 
tl»e pile in opposing its descent is the principal fat^t<»r which inoditles the charges to be cuijdoyed ; 
for earths of little consistence the employment of powder in large charges gives a very iii'j:h 
cwllh ient of us(3ful effect, wliilst in hard ground, pcrinittii:g the use of but small charges, the 
useful effect may bo very snuill indeed. 

TaIILB II. CoMPAUATIVE TaBLB OF THE WOKKING OF VARIOUS TyPES OF PlLE DrIVELS. 




Hrldgen on the Kibe. 


Briilgf'S on the Oanulx*. 



l-irewlen. 


Au>f.ig. 

Tets”hfn. 

Miiurhaiuen. 

.Sicvern ir. 



I*s76. 


1S73. 

1>*74. 

1^69-70. 

iJj 70-71. 

1S72. 

I>»‘^tgnallon. 

•t€ 

Isl 


s? t' 

C Ic 

•5.5r 

?: i 

c 

tf « 

i: 5 ^ 
tc - "g 



l-ll 

s'? 

£ 


in 


*= 

V. -f. ^ 

*0 


On 

< >n 

( hi 

On 

On 

On 

On 

On 

Ptwiition of tla* apjKirutus ^ 

«horo 

rn.r 

8hore 

river 

ri\ er 

hhure 

stri am 


Mf'un vfKM'it.v of cumiit, in feet, } 


4593 


4920 

41 2S 


103 TO 

918G 

h**iir ) 







ITeig^ht of tlrivrr, la fix-t 

3G 

29*5 

26*25 

39 * 3 

4G 

4C 

46 

46 

Weight of ih.' inoiikoy, in Ih 

IfclO 

1100 

721 

1320 

1700 

176 

i:go 

17t0 

I>eptli of pile driven at (Irst ^trokc, in i 

32 

G 

4 

0 

0**? 

7 

7 ■ >* 

19-6 

Inchon ( 







iH'fkdi of pile (lrlvt*n at last Ktrokc, in t 
liirln** < 

I'H 

; 0*23 

0*2 

0 

0 

0 

0 

10 

I 

Nntnix'r of pih h oliscrvcd 

90 

t U‘6 

90 

100 

12i) 

20 

300 

i 400 

Wciglit of shot*s, in Ih 

i:i-2 

• 4 

13 2 

ICO 

10*5 

33 

1 .33 

16-5 

F«»rm of Hhw-ji J 

Pour 

hniricijcf? 

four 

fse#i 

l-our 

hruncheti 

Four 

brniirljer 

1 »>ur 
hraiu'Of'S 

\ riain 

Pl’iin ‘J 

• Fcnr 
hraiic hes 

Iiliin'ii»i"n« iii coniroof pile, In inohcK 

, 7 

' 1 *.♦ • G 

,11*“ dU. 

7*5 <»<| 

ll*e dia. 

1 1 * ■< dia. 

11 * ^ dua. 

1.3* *< du 

13’- <lu. 

i.f'ngth of pth !•. in f*'4*t 

. 29*5 

19*6 

39 3 

40 

32 ‘ « 

32 * S 

, 39 • 3 

Mciin fh'pth c.*t4 h pd^* waa driven, in 
ft***! . . 1 

6-9 

j G*9 

6*5 

c*r> 

9*8 

11*5 

9 9 

16 ’4 

t’uhir Rnt »*f the In tin- ground 

‘2-71 

5*0 

2 71 

5*0 

7*5 

12* r» 

lo* 1" 

17*1 

h*n|{lh of pIl'S hurhtl, In feet,. 

* fi‘2y 

741 

590 5 

' 





NnifilKT of uorkincfi 

7 

’ 11 

25 

' 7 

6 


io 

10 

Moun nuniluTof pihxlrivcn y»er hour 


1 • GO 

0*M4 

0-4 

0 ' .3.5 

0*20 

1 or.o 

0'r)0 

fail of the nionkt-y, in ft*«d 

1 4-5 

H*2 

3*2H 

4 * 91 

7*50 

9*»4 

1*61 

13*12 


At MauttiaiiHcn, where beds of oonglomcrat**, compa<*t clay, with a rich bed of pyrites and 
vi‘1. with imhiHldcd granite hhvks, wt*rc passtnl thiough, the 13* Oo in. in iliainctcr, were 

<lriven with a monkey wcigliing 17t»0 Ih., an«l with rapitl drokcH not exceeding li»*6 in. At 
Stey«Treg, on the cvaitrary, where the earth was heterog«‘n< ous, the lieight of fall soinetiine.s 
readied lt> ft. with (he same pile driver, and gave them v(ay gf*o<l r<'sults (^reat importance 
attaches 1*» tlu* f'roiHT form and iiusb' of lixture of the ^hoe. The ends of the pile should with 
great care Ik* cut <juite stjnure, and tlu* lower end nicely titled on the Ihit part ot tlic shoe. The 
spike hf>les by which the latter is attaclu d shoiihl lx* as sliown in Fig 1S25. We do not see the 
necessitv for leaving mueh play if tlu* spikes are projXTly driven so ns to pnll tlu- ^hoe tight up to 
the bottom of the pile, e8|Hvially if tlu* sIuk* is properly titted. The powder j)iK-driver can be most 
siUHVssfully used in homogi'iu oils earths not of a hard charaeter, such us pc*aty, argillaceous, or 
sandy ground, as it is only in these* that the larger and tlie more ee(moinieal ehargt s ot powder can 
lx* usc<i. 

Fig. 1S29 is interesting as showing the condition (»f dith rent piles after driving by the various 
machines into the kiial of nmt4 rial deserilxd. I'he (wo illu.'-trations ot the |H>\Nder-d riven piles are 
of course of abnorriml cases, but it is fully evident that |K>wder cannot be used tor driving in 
hard ground witli intersjxTsed boulders. 

Tlu* experiments with gunpowder des«'ri1x*d bxik place in hard grv»iind much disturb* d — see 
Figs. 1821 and I82d, W<* shall now s<e the apparatus under more favouralde conditions. 

yVx* (frit nuj inftf of d tlKtiinsfuftrn, — tor the rivent works at 

the |K>rt of Wilbelmshafen an apparatus similar to that jiisi dt‘srrila d -hut more powerful, the w eight 
of the monkey bi*iiig 2r»52 lb., and that of the mortar being 20P0 lb. — was emidoycd by the side of 
a steam pile-ilrivor on Nnsmyth's jirinciple. The ground w'as comjMwd of clay or loam, arj;illucL*<tus 
sand, and lastly, fine saruh Tahh* 111. giv<*s the comparative results ohtaine<! ; — 

The r< 3 Hults given in this table show tliat the ex|H*riments provinl the work of the powdt‘r driver 
is, in hard <‘arth with large irnhcdtled stones, much more exjx'nsive than that of the steam nnichiiu*. 
Fig. 1820 illustraUs the asptxd t>f the piers in the different cases aftc'r driving. After examining 
tla*Me, taken from the actual pdes, it will be remarked that by rea.-on of the rapid aelion of the 
powder the earth lias iu»t time to become tlisplaced, and that such obstacles as can bo pusluxl aside 
oy liglit repeatt*<l strokes bmik ihoHhtx*8 off and split the piUs, which can be driven no farther. 
The pile s in this condition are indicated in two eases by Fig. 182(1. lii the casc^ of the steam apparatus, 
wc may learn by the nature of the blow and the driving it produces, the value of the resistances 
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which normally present themselves, ami may aooordingly vary the luight of the fall of the monkey, 
80 as not to bretik the shoe. 

TaOLE lIT.-~C03irAKIS0N OF OrNPOWDEIl ANI> STEABr I^LE-DRIVERS. 

1 

IV«cription. j Towder. Stfam. 


I'otal weight of ai^purntiis 

Time during which ai)paratU8 stood 

Persons employed 

Number of piles observed 

Lengtli of piles 

Diameter of piles 

Depth driven 

C'ubie total of wood tlriven l)elow ground 
Total length of piles driven in feet 

Duration of woik 

IMeaii immlx*r of piK‘s driven in twelve hours 
Number of .'strikes of the monkey a mimik* 

Ditto a foot cube 

Ditto a f»H>t run 

Ditto each j»ilo 



PNEUMATIC TUANSMISSION. 

The tmnsmission of gKxls and imssengcrs by a railway worketl cither by exhaustion or com- 
pression of air was at one time a favourite project with engineers, ami HC\eral short limis w'ere con- 
structed np<>n this principle. Tliey were not, however, found to l>e « eonomical, and have fallen into 
di.suso for any jiur{M»se except the transmission of small parcids. letters-, and t'spei ially t« leorams. 
For the lattt r purps»st', the transmission of telegrams between two main ami «»nt stations ef large 
cities, the system is of great s« rvice. The plans njion wdach it is worked are fairly representi^*! by 
tlios** in use in Ijomlon and in Paris. In the I/aidoii system, for the description of %vhich we an' 
indebted to a |»aper by It. Sabine and K. S. CiiUey, M.I.U.K., 1S7 (n the pr*enmatic tubes, wldeh are 
laid double, are workf^l from one centre, namely, the centnd .station in tin* (rem ral Pf>st Otliee, at 
which point tlie €mg»nos and air pumps are tixed. At that station the tuln's are arranged Nertically, 
side by si<le, and each i.s termiuate<l by a valve, Th<»»e nse»i exclusively for forwanling messages, 
are .nituated at one end of a long table; those Ui54*d lK>th for forwarding and n*ct ivmg, in the centre; 
ami those for receiving only, at the otlu r end. The messages for delnery by ham! ;ue simt through 
a tube to the room bei<»w, and there are several tulx»s for c<jnveying me.ssagVs to diflt'nMit parts of 
the galler}'. 

The Varley valves adopted at the first in the London system, though efficient, are ex|>«*nsi ve in first 
cost, and trouhle.Home t<i kecf) in order, because of th« ircomple.vity. In providing for a syst«'m large 
as that of the English Po.d Ollier*, it lit^*anie lu'Ct/s.^ary to <h'visf‘ a simpler arrarigeineiit, atnl the 
valv<*s employed admit of « ach uiIh' U iiig u-s<h 1 either exciiii-ivf'ly for seiiding earners a distant 
station by means of c<»mpre.->ed air; or exelu^i\ely fir receiving carritT.s by menus of vacuum; 
or h*r sending or receiving at pleasure on the f'ume’tulxj. Fig. is a section. Fig. IitlUi a plan. 



ami Fig. 
into the 
larre 


i." f**’"'*'"/*'’, '■ni'ri*T c«nt«iniTt>f thn mowuiffwi i« inw-rbwl 

Hiy*. Ofn 4 n the contriiction at C, where the ctiiim)>er 

si/e of the tnl>e. The hatullc if is next tlrawn forwar'* —-i* — i4t-. :a xt*.. 

It luto tUe Blot « of the BiKlitig l>Hr II, an<l tho ooutinoaUon of tho motion o|H3i»* Ui« 
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Blide T by means of the rack B. At the same time the inclined plane I, Fig. 1834, attached to 
one of the sliding rods actuating the lower sluice 8 , passes l>etween a fixed roller and a roller 
fitted to the valvo V, establishing communication between the pressure main and the message 
chamber, the cornprossod air expands the felt casing of the carrier, causes it to fit the tube, and 
forces the carrier forward. On its arrival being signalled electrically, the handle H, Fig. 1834, is 
pushed inwards, the air cut otf, and the message 
chamber opened ready for another carrier. The 
operations of o|)ening and closing the slide occupy so 
siif)rt a time, and the resistance of the long pipe is so 
great, that if it bo desired to seinl a second carrier 
l^ofore the first has reached its de 8 tinati<in, the speed 
of the first is not sensibly afiV'Cted. The cook D, Fig. 

1835, connected with the vacuum main is closed. By 
closing the top sluice before o(>cning the lower one 
the rush of compressed air from the tube is prevented. 

In receiving, the carrier is inserted at the distant 
end of the pi}K), and is signalled. On receipt of the 
signal the lower sluic^^ is clostxl, and the upper one is 
opened as lx»forc. Ooinmunicntion with the vacuum 
main is now established by opening the cook D, Fig. 

1835, and when the arrival of the carrier is known by its striking the lower sluice 8 , Fig. 1833, or 
by observing it tlirongh a glazed opening in the messages chamber, the vacuum is shut off by the 
c<x'k 1>. and the hainlle II is pushed in. The top sluice being now closed, and the lower one 
opeiKxl, tlie carrier, having passe'd the contracted part C, dro)»H out. The connection l>etween the 
valve V, and tlie pressure iimiu is cut off by a cock on the pipe K, Fig. 1835, not shown. H< re 
again the ofsTations of removing the carritrr uinl of turning f>u the vacuum do not sensibly affect a 
following curritT. 



In sending or receiving on the same lube, the upper sluice T. Fig. 1833. is thrown out of use by 
removing tb(‘ ping G, which cxuimcts it with the rack K, and the quadrant; it is oj>en» d and 
lield l«ick by a clump. Tins mainpulaiion is the same as l)efon‘. e xcept that in sending, after the 
carrier has arrives!, the slide is at tirst pu-shed Iwick only far en<>ng]» to clos«^ the pre.ssnro valve V, 

as to givt* the compressiHl air time to expand in the pipe before the lower sluice is opened. This 
provi-nts the noise of tiscaping air. In reci iviiig, cure Uiusl Ih) taken not to move the handle feo far 
a.s to c)j»en the pressure valve V. 

At the out-stations, (lu* IuIk'.m imninate in a glass box. with a swifiging door opening inwards. 
The dcM>r is clovsed by tlio pressure of the iticotning air, ai»d the air itrsdf e!scaj>es through a pipe 
fitted at the l»ottoni <»f the 1k»x : were it not f<»r this provision the «»nt*stations would he filled Nvitli 
air which had passcsl through the laiiiips. This piiH» st‘rve!s also as a drjtin to carry off the water 
us 4 'd to clear oh^tnietions in the tu1»e. The nie.v<age tube fitted into the toj) ui the lx‘>x. bo that 
nothing can fall into it acchlentnlly. liiterinrxliate stations are fittid with the r<»cking ^luice. 

Ixad ha.H Ikm^u tise<l in every case r xeefd for the two tubes In twr* eu Telegraph Street and Charing 
(’ross, which are of iroti. These in»n tubes have Ih-cu very trouhh some. Tlie leal tuln^s are very 
slightly damp, and tio inconvenience has ever arisen from that cause. In Furis, altliough tlie 
tubes art* of iron, they do not rust, hut little vajxnir of water is passed through them, and c«»nden- 
patitai scarcely wcurM. Besides this, the tulM*s are kept ch an by the friction of the lie.ivy pi.-tons 
which pans through them, 'riie lead tUx's not appear to wcnir at all, except in j>laoes where the 
pi]x* has Ihm-ii iicwdcntally indented. 

The ('inployment of lead instead of iron for the extension of the system is to he recommended. 
It has Is’cn shown to lx? iiractically indestructible, the joints of the pi^x* are ca-ily made perfectly 
fiir>tight : it Ix^comes {Kdishcsl by use, thereby nducing friction and the wear and tear of carriers. 
Iron, on the otht‘r hand, has lx*en found to rust very quickly, and to destroy tin* carriers. 

It was provt'd conclusively by exix*rimcnt that, with equal lengths, working w ith t qnal pres- 
sures, the times of traii.sit <»f carriers through three sizes of lead tubes worts in the following 
pro|)orlion ; — 

ThWiugli a 3 inch tulx* ItlO 

2i „ llh 

14 .. . : 

and that to tho transits in thost^ times tli© power r<Hiuiretl would Ik? ; 

For the 3 inch tulx; 100 

21 43 

li y, ; IS 


For tho long lines contemplated it was, however, docmcxl inadvisable to ns<> tulxjs of such 
small diameter as 14 in., and as tho time saved by a ihinch tul)e was nroved to lx? small in com- 
IXiriaon with tho oxtni engine jxvwer rtHjuirixl to work it, it was decidotl to <*mploy 2J-in. tubes tor 
all the now linos. Tho exjM?t internal diameter of the whole lead tulx*s is 2,®^ in. 

Tho ttjlx*s arc inado in lengths of about 23 ft. Kach length is laid in a wornien trough as swn 
as it is manufactimHl, so that it may be bandied writboiit fear of bending. A tightly-fitting 
polished sUxsl mandril, attached to a strong chain, is then dmwn through it, to ensure the pipe 
i)oing smooth, rylindrtcHl, and uniform throughout. It is nocessary that the mandril should he 
luhrie 4 itod with soft soap, so that it may not injure the pifx?. When laid, the letiaou tubes are 
protiX'ted by lx?ing enclostxl in onlinarj' cast-iron pipes. 

The louden times, straight and smoothoi!, are deliverwl from the wooden troughs to the trench 
preimrcKl to receive them. The iron pit>os 1, Fig. 183G, are then drawn over the lead, leaving 
enough of the leaden pil>o L prcijoctiug to enable a plumber’s joint to be made ; a strong chain is 
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next p^isseil tbroiiprli the leiijjth of tube to bo joinoil ou, niitl a polislifnl mandril A, being heated and 
ettachod to this cluiin, ij* piisIkmI half ite< lengtli into the end of the pipe. The new length of tul>e 
is then forced over tlu^ pnijeefing end of the iiiuiulril, 8t> that the leaden tubes, the ends of which 
liave be<?n already cut flat by an apparatus nmde for the j)urr)t>se, butt fH^rfectly togidhor, and a 
plumber’s joint is umde in tiio usual innuner. The tube is thus iiir-tight, and the nmudril keeps 
the surface of the tube under the joint as 

smootb as at any otln r part of its length. i*^*^^* 

After tlie soldering pnv ha> been eoiiipli'ted, 
the nmndril is drawn out by tin' cltaiii attaelied 
to it : the n*'Xt length is drawn on, aiul the 
protvss repeated. Where it is necessary to 
ileviate from a straight line, it is essential that 



the tulx'i l>c laid in a cireular arc, whose radius 
ftliall nt»t be less than 12 ft. The same curt* is 
necessary in entering the various statians 
othtTwi'C undue friction will urist*, and eui vt-s 
Would bo intrculueed which might cauae the 



1S37. 


carrier to stick fast. 

The carru rs or pistons consist of a cylindrical box of guttaf)ercha. Fig. 1837, covered with felt 
or drugget. The ft‘lt is alkoved to pn^ject l>eyttntl the open eutl of the carrier in the rear, as shown 
at f. that tin* pressure behind causes this jwirtitui to exjniinl ami to lit the pipe exactly. The 
front of the earrit*r i.s provided with a bulfi r \ f«»riiietl of several pitves of felt, winch just fits the 
lendt n pipt*. To j)rf v* nt the messages getting out the carrier, the t ntl is closed by an ela.stic 

hau l *. which can stri tched .',nlhcienlly to allow the message.^ to b^* put in. The weight of a 
Foiviee e.irrier is 2^ ounces avoirdupas, keather has l»t'en tried, and although, if pro|>erly prepared, 
it answers well for iron, it is unsuitable for bad. Tiie <d>je<:»t in Knglaud haa been b> les>e*n the 
weight of the carrier as much ns |>‘ssible : but in Paris the mean weight of a train, consisting of u 
pist >n, enlle<l tlie lo.Mim itive, and Ihe carriers f»f iron covert*d wilb leatln r, is lb. 

I'dectric signals are u>ed between the eentr..l ^titioii and the outlying station.*^, c*oiisisting of a 
single-stroke ht li ssiili indicat *r, to give m*tiee i»f the departure aiul arrival of curriers, and to 
uiiswet the nece'.‘'ary «piestions required in working. 

Whrii there are intermediate statioua tin* tube i.s worked on the block Hystem, as if it were a 
railway. Kxperieiicc si. <»ws that where great ex ictnes.s in muni{>ulntioti <>annot he obtained, it is 
iiece.«>sary to allow ord> one tiain in < ach .•^editin <>f a tube, wh(*ther work* <! by vacuum of by 
pressure. ll:;t when* there i.s no nitt'iTu. «liate sUdion, and where the tube can he carefully wi>rked, 
carriers m.^y be alb'WMl to follow one another at sl.ort intervals in a tul>t* wo»rkod by vacuum, 
altbougb it IS not jm rfectlv safe to do so in one worked by i>re?isure. In w«>rking by |>ressure d has 
l»ei*n bnin I that, notwith.-tanding a f.iir iidervul may bt) allowed, currier?* an* apt tt) overtake one 
anoiht r. For no two carritTs tuivel in tin* same tim**>, lx*eause <d‘ dilVenuices in tit, unless they are 
iilact d tn 1 to end. If sign.dling be m gb cted, and a carrier happens to stick fist, la ing followed 
i>4 .-evernl otlj*‘]'s, a block will t n.-»m*, wtdob it %vdl be dithcnlt to clear, wdiib* the single carni r 
Could leadilv h iv«- )j> eij di-l wlg»*d. Provided due card Is* exerci.si'd in the (•onstruction »>f the work. 


liiten option- of tiK- service aie of rar(‘ occurn ne**, «'xc^*pt from negle<‘ied signalling. 

Wlif'ii carrier.-^ stick ftt.->t in the pip*s, and cannot be rnovc<l l ither by compressing or }»y 
oxliausting' the air. the [hfie i.** tbwided with water, ami the eitniers forced pa-rt the ubsiruciion by 
Iricre i-ofl {Te>>nre, The watt-r ib'W.- o|f by the drain-pip* at the di.stant station. All tuls's are 
now tittt tl with a .small pij»e by which water may !>♦; admitted if iHtccs.-rfiry. Ah stoppages havo 
been .-/» infre‘pn*nt, it lia-s imt been nece.>sary to ib vi.**e any very elalH^rute meiiiis of discovt.Tiug the 
lo.abty ofa fanit. An approximate i lt*a may be torinefl from tin* time the tube takes to tlisi-hargo 
itselJ wlien tilled with coniprej->ed air; ami wrlc n tne fault is not too di.Htafd fr<»in tith(*r end, the 
simple ex|»e(lu'nt of im-a-iuring by means (►f string attaeloMi to a currier has been found HUflicient. 
It ha- m V4*r Ixen rcpu-iife to open a lead pljs* to remove a carrier Htof>|>ed by any other catifs* than 
imptrhet construction or external injury, the position of which was known. Thu inm pijH^s 
ha\t 1)0* n more tronble-./*ni**. 


A- a rule, oil the Oadim-nl of Eurnjio, each pneumatic line c<;»mpris4*H several stations, this 
beiog tie- iiio-t economical arrangement a.s reg.irds first co»t. In some citsifs the luls’S form a con- 
tinuous circular line, in whieh the trains or carriers tr.iVel in one rbre*«*tion only; tlie stations 
becnijiiug either th»: .starting-points of fresh circb s, or of din*et single lines. In Paris the grealur 
p.iit of the .stati >ii.s an* gioup**! in circles, but p»w'er is provided at every station ho that t^icli 
section makf*.*? a difttinct line. I5y thcks* means the traii-it i.s rvm-iderahly Rei*u?eml<sl, lad at a great 
co.-jt. Thf’ line bet w* / ii the Ihmr-e and tlu* central stati'Ui is direct, and two, Kometimes three, 
ry«r*ier.H are permitted to follow' om* amitlier; hut on lh<- circular lines tlie traitiH only run every 
fifteen minutes, so that a comparatively small ptitii)»iiig piwi-r is reipiir<-d, there Indiig tiim^ for 
aecumulation. The delay arising from this system would Is* fatal to lh»* traffic of large towns in 
(ire.it Britum, for it is obvious ti.at if a mes.-age arrive but a second after a train hfis starboii, it 
may be tvy^nty, or even t wrenty-tive minutes in reuebiiig its destination, eV4*n if lying in the snmo 
circle. Nor eaii many htatious Is- inciiided in the same eireuil, hut the communication between tho 
etniral fttatt<»n and the m<»re impirtaiit Iminch or out-slalion.*» inu«t U* dirts't. 

ihepuhtie is p*rh i)>s €;xaeting in its demands for speed, and iii»v<*r thinks of the co»t. To 
eoiiibiet the* lues-agf: tratlic wilii the ilespatoli demanded, every causr; of lielay, however sinall, must 
hf- eliminated, wln-fher it occur in the traii.-^fer from the n*<^4*iving offiee u> the* instriiiiieut rooiii, on 
the wM'e it.-»eh, ill the (lelj very, or in the piieumatic tube. A delay of ov<*n U*n uiiniites would Imj 
fiiiil to the Metrop>litan tmtlic, so that where this limit is appr^iuched the lube must Ijc replaced 
hy tlje wire. Now w hen the same tulic serves two oiii-stations, the time occiipi<*d hy the carrier in 
ruiuii ig from the central to the iicfirer station is iticreuissi hy the adrlitbui of the tube to the 



PNEUMATIC TEANSMISSION, 


936 


farther station. Other causes of delay are also introduced ; for instance, that of sorting the 
m<>SHfigeH, and of removing at ti»e intermediate sttition those intended for that station. In a circular 
sysioin, including several stations worked with a continuous current of air, thtj tube is still further 
hmgthenod, and the Sj^^ed reductul. There is alsr) tiiis inconvenience ; if A, B, C, and D are four 
out stations, connt^oted by a cir<’ular tube starting from and terminating at the central office, ainl if 
the tlirection of the air current is from A to D, then a message from the central oflice to L) must 
pass through almost the entire tube, subject t») the diminution of speed due to tlio lengthened tul>e, 
and to the delay caused by the arraugemonis for working the more comjdicatcd system. Where 
despatch is not of (mramouut inifiortanoe, the circular system has advantages, by giving conmiunica- 
tion 1: ‘twoeen each station on the route. In Loudon, however, the traflie is almost entirely to and 
from the central stutioiu 

The transmission of a carrier from one end of a tube to tlie other, is effected by the expansion of 
the denser air, which enters the tube during the interval between the moment of sUirtlng and 
the moment of exit of the carrier. 

In pressure-working, each transit costs exactly the force necessary to produce tliis volume of 
compressed air, whilst in vacuum-working ea<di transit costs the force neoessiiry to expand a cor- 
reH{>oiiding volume of air at atinosplu^ric pressure. 'J'his is ol»vioiisly the criae, b< cause wlun tlio 
carrier arrives at the end of its journey, the tube has IsxiU filled b<duiid it with just this volume of 
air at the highc^r pressure ; and this volume is less than the whole volume of the tube by just so 
much as the air has expanded. 

The absolute work F, stored up in a unit volume of air at the effective pressure 7<, is tliat 
oxerte<l to compress it from to or that which it will return in expanding from to through 
the distance y, as has been already shown by Zeiiner. 



In wliich n = 1*108, the r<dati<>n between the specitie h« at of dry air, wli(‘U inaititained at a 
constant pressure and \>hen ifiaintaim d at a constnnt vnluiue. For 1 cub. ft. of air at the work 
/, effected by it in i xpandiug in the tuln* to /'j, is therefore 


/ 


« - I r 




fm>t lb.; 


/), and l>cdng in lb. a square incli, assuming that the air in exiianding tbx s not hike up any heat 
through C4»ntact with the tube. 

Iiiserling Uie uuinericitl value of «, the work of 1 cub, ft. becomes 


/ = :i52 y/-, |(l - j;) foot lb. [lug.3r):l i> = 2-51770]; (2) 

jf, is always the greater pres.sure, ami p^ the lesser. 

Wiieii pneiiiiiatic tuln^s are worktsl with cMiiipresseil air, /\, is atmosplieric pressure (1-1 *73); 
but when work<*d with vaeuum, p, benvunes the atmospluTic pressure. 

Air passing through a tulw^ expands as it goes on from the higiier tf» tin* lower prcs?ure, the 
expansimi Ix ing nearly regular. Su]q»fising that it neither gives nor takes from, the surface of 
the tube any lu^at, it wouhl fi»llow from the above that 


», r, 


Indug the velocity and r, the volume of the air as it enters, and s, the speeil and the volume 
ns it leaves the t»il»e, /', fin* higher and the lower pres-sure. 

Then if it Is* asstinnsl that the pn*s.sure in the middle of the tul>e is a mean of the pressure at 
the ends, the vel(K*ity of entry of the denser air and thy volume of it which enters l>etwoeu the 
Btartiug and exit will l>e respectively 




The efft^'tivc work stor<xl up in Iho «!ensor air which enters the tu)>o during Iho transit is 
I’Xpemhxl in aeceloriiiiiig the of the tnirrier and the air, and iu overcoming their frictions against 

the Hi<le« of the tulw. 

Thu work A, ox|>endud in ucceloraitiig the air will bo 


tu)>o during Iho transit is 


.... lb. ; 


5, being the velocity of greaU* 8 t motion, ant! <7 the Wrrostrial ai'coleratrix ~ 32*2, both in feet 
a soootid, and tr the moan wtdgbt of the whole of the air which moves in the tube during the 
transit, iu lb. a cubic for)!. 
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If tho weight of the carrier in t)ie tube bo W lb., the work, B, of acceleration ia 

B = W foot lb. (6) 

2<7 

After allowing for tbo work spent in acceleration of the air and of tlie carrier, tho remaining 
work opplioil to propel them is, of course, consumed in overcoming their resistances to motion. Tho 
median ical effect, C, Rbsorl>cd b}' resistance .to motion of air in passing thit>ugh a tube of the length 
i feet, and diameter d feet, has been found to increase directly as the length and inversely as the 
diameter of tho tulK\ 

C = I ~ . fr t- . .... foc.t lb. ; (7) 

it ^ If 


s being tbc mean velocity of the air in the tube. 

Tlie expenditure of po\Yer in oveiToming tlie re8i»tance of air to motion is more important than 
any of the rest, amounting in general to at least ten times all the others put together. There 
exists no definite and satisfaetorj' determination of the value of the constant of friction which 
jirohahly vari»*s slightly, not only with tho dinmeU^r, tlie material, and the condition of the surface 
of the tulx% but likewise w'ith the density of the air which is passing through. Experiments to 
determine its value have Won made by Girard, D'Aubnisson, Buff, I\*ri|ueur, and otln^rs, who 
give a mean value to it of 0*02. This value agrees w’ith exj»eriinents with tho lend tulxvs laid 
down in London, which arc worked with felt carriers, nn<l which have lx come to a gn at extent 
polished by continual passage to aial fro. For the lengths of inm tubes, which appear, from the 
wear and tear of the felt carriers, to he exceedingly rough and wet, the value of tliis coiietunt, 
apjiciirs to bo uWiit 0‘02S or () 0.‘-5. 

Lastly, the wtuk D, consumed in friction of the carrier is 

D = ^W/ fi>ot lb., (8) 

in which ft is the coefficient of friction to motion Wtween the material of the carrier an<l that of the 
tiil>e. In some experiments with felt cairiers it was found that thi* average* wtdght was 2^ o/.,, 
and that the friction to motion when in the tube was IjJ oz. The value r, x / foot Ih. work is 
therefore balanced by the items of expenditure (A + B C + l>), or r, / = A -f B d- C -f I>, in 
which r, = volume of denst r air which enters the tube during tho transit. 

Getting the algebrauad values in this equation 



Px + 
'^Px 



t'*.. »' W >.,* 

— ^ d- 

2 0 2 7 


/ fr r S’" 

+ ^ 7 " 

d 2 :f 




ich is obtained tlie mean velocity s, with which the carrier travi 1» — 


r,,r -AiW/ 




. fiX't a 


GO 


In practice the friction of a dry carrier in a jxdi.died metal tube is so little, and the weight is so 
tiitiing. that Wth may h«‘ omitted without appreciable t-rr»»r. 

The last equation then takes the form 


fO:L±/yV 


»/*.... feet a see. 


And when the tulx-s are very long in eomfmrWin witli their diamehTs, that is to say, when the 
eiigth exceeds 50OU timea the diameter, in practice the formula may W written thus ; 




feed a sec. 


(Bt> 


or numerical con.stant8 inserUrd for le*i#l tulxs ; 

, = (y) (fj* « »ec. [log. 5C-7 = I 7r,37r,], (II) 

which is e<piivalent to neglecting altogether acceleration ami also friction of the ctirricr. In other 
words, for light carriers moving in jKilished tuWs, tlie air is assutue<l t 4 i move witli Uie aame 
velwity whether a carrio*r is in the tube or not. 

The time occupied by the carrier in passing from one end to the other is 


a 


. . 8«‘e<'>nds : 

s 

therefore, for load tubes, 

1 / Miconda, flog. 0 0170 = 2-2-lfli45]. (12) 

The wfciglit of u cubic foot of air at 20® Cent, ix 0-07533 lb. at moon barometric proaanro. 
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If the pressure p. lb. a square inch acting on a bo<iy of air, each cubic foot of which weighs 
w^ lb., bo suddenly cnanged to lb., the weight of a cubic foot will bo changed to lb. 

(Jf); ■ • • • ‘i*- (13) 

If bt^foro the transit of a carrier the pressure at each point in a tube corresponds with the flow 
of air duo to the end pressures, as in continuous working, and if during the transit the latter are 
kept constant, tlio mean specifle weight w of all the air may be assumed to bo practically 


w 


4 - 

2 


, lb. 


(14) 


Ihit if, as in intermittent working, the tube, to begin with, bo filled with air at atmospheric 
pressure, tlie moan will lx> lower or liigher than the mean corresponding with the end pressures, 
according as the tulx) is worked with pressure or with vacuum. For pressure- working the mean 
S{M3cific weight may bo then taken as 


For vacuum-working,* 


1r^ -p 3 tr, 

4 

. . lb. 

(15) 

3 t/^j -f- rr,. 

. . lb. 

(16) 


Tlicsc n^ean values, it should l)o understood, are only approximations, the actual specific 
w'oighks being a(r«*cte<l to a great extent by accidental causes, such as the temperature of the tube, 
the resislance otVered hy curves, and tlie like. 

'Fo lifM'ertfiin tlio work <iono in maintaining comprcsswl air in the main or couhiiner, let the 
htreke of the piston of the pressure pump be from D to O, Fig. 1838 ; let the pressure of the 




Jl 



atmosphere' with which the cylinder is filled at the commencement of the stroke be p, ; let the 
rf^iuiri*<l efltM’tiv*’ pressure A, actual prt^ure = A -f- = p,. be reat'heci when the piston arrives at 

11 ; and hd the pisbm, in travelling the remaining disttvuce B O, transfer the compressed air from 
the cvliutler into the container. 

l1ie air at the coinmeiKvrnent of the stnike is nlrca4ly C4>inpres8t‘d to what is called atmospheric 
pressure, tlierc'fore c^ieh cubic foot already contnius n certain ixdentinl energy, wliich is the work it 
would exert fully if expainled int<» an absolute vacuum. 

IVlitMi the aiV is further com pn^sstxl its |K>tential eniTgy is increased, and the ditfcreuce betweeu 
tlie two p<>t4*ntiiils is th<* work it can perforin in exjitniding U'tween tlie two pressures. This 
difTerenci' of fKdentials. or aeromotivc i^nver, is represcntcil by the area A B C D, of which the area 
B DC K has lici'ii done by the siqioriucumlient atmospliere, and must be subtracbxi from the whole 
energy of the unit v<»luine of coni|m?S8CHl air Ixi-tw-een the two pressures, in <’trdc*r to find the 
effectrvi' energy which the coinpn'ssion cr>8t8. In other words, when a cubic foot of compressed air 
has lioen pnaliiced by a pump, the pump has not done all the work vrhich is stored up in it, because 
th<» greatiT part t>f this work has usually lieeii done by the pressure of the atmosphere. 

The absoJnti^ work F is rcpresente<l by the area A B D C. 

The eflix*tivo work by the area A B D C — B D C K = A E C. 

The absolute work F is by formula 1, 

t't (.V + 1)* = r„ 

K B 1) C ; the work done by tho atmosphere is 
Thoroforo Uic cfiTootivo work done in comprosaion by tho pump is 


and since 
the length 
and tho area 


( 17 ) 
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Now this difference is the work which has been performed in driving the piston only to the 
point B, that is to say, until the air has reached the rcKjuirod pressure Pi, It has still, however, to 
be driven into the container, and to <io this the force h lb. must bo exerted tlirough the distance 1. 

For each cubic foot of coiiii)res8ed air, therefore, 
tlie absolute work done, /, is : — 


The work done by the atmosphere = a = 144 1 ^ Jp* 

Difference of these = the effective work done in compressing (/ — a). 

Work done in driving compressed air into container = 144 A. 

Total amount of effective work £, done after forcing into the main 1 cub. ft. of oomprchsod 
air = 

E = / — a 4- 144 A . . . . foot lb., 

with the numerical values of constants inserted — 


- (-?r)l - "'“M (it*)’' - 

The engine power required for eacli cubic fot»t, a minute, of compressed air maintained in the 
main or container at an actual pressure pi is therefore 

f ^ 4 “ 14 4 h p 

33000 

If in a tube, vrhose diameter is d feet, the mean speed of a carrier is $ feet a second, the volume 
of compressed air required a minute will be 


0*7854 d- X 60 s X • cubic feet. (10) 

And the engine power required to do this is 

TSir- X <01851 .1- X «o ,) X ■■■■ UP- m 

The o{)eratiou8 of the vacuum pump are similar. 

When the air in the main has once arrived at the state of rarefaction at which it is employtKl, 
the lines connected with it admit a eontinuc'd tlow of air, which expands ns it cornea along to the 
tubes, and enters the pump with nearly the larger bulk due to its dimintabe<l pressure. The 
problem, therefore, re^ilves itself into compressing tliis exjsinded air aguin U> the prtwwim* of the 
utmosjibere, and delivering trom the pump the same weight of air a minute as that which under 
atmospheric pressure enters the tubes at tli^ir farther ends. 

Tiie effective work E' required for each cubic foot a minute of air entering at atmospheric 
pressure is therefore 


E' = 144 [3G1 (l - ) " - 1 }+ a] .... foot lb. 

If the mean speed of a carrier is s feet a second in a tube whose diameter is d feet, the volume 
)f atmospheric air a minute admitted at the further end is 

V. = 0-78Mrf> + 60s X cubic feet. 

The engine {>ower rcM^uired a minute for this tube is therofore 


E' X V, 
33000“ 


UP, 


( 21 ) 


ind the engine power calculated from the volume of expanded air is 



33000 


, . H.P. 


( 22 ) 


The volume a minute, at the effective vacuum A, actual pressure A, as it passes through the 
naiii and the vacuum-pump, on the assumption that it docs not become hcateif from contact with 
he tube, being 


V, = 0-7854 rf* X 60* X cubic feet. 

Tlie tubes employed in the Paris pneumatic system, to which we have atreaily briefly referrorl, are 
)f wrought iron, in lengths of from 15 ft. to 20 ft., the joints Isiing made by means of flanges and 
x)l!s, as in Fig. 1839. The interior diameter of the tul>e Is 2*559 in., with a maximum variation to 
2*519 in. The curved portions have radii varying from 30 ft, to 150 ft, and the proportloti of 
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curved to strafeht is about one-seventli. The tubes are laid in the ground at an average depth of 
39 ill., and with but sllgiit inolines, except at the stations, where the tube enters at the basenieut, 
and is curved upwards, with a radius of from 6 ft. to 18 ft., and terminates vertically to adapt itself 
to the receiving and transmitting apparatus. Where possible the tubes are laid in the subway 
under tlie streets, against the sides of which they are sup^xirted by brackets 6 ft. or G ft. apart. 

Water frequently accumulates in the lowest parts of the tubes, interfering with the traflSc. 
Fig. 1810 shows the collcxjtor applied to the tube to remove this inconvenience. It consists of 



a small ehaml>er fastened to the tube in such a way as not 
to interfere with the passage of the train ; the water }>a8Bes 
tlirough the opening P, and when the chamber is full it 
can be emntieu by removing the plug Q. These collectors 
are placed in convenient places along the line, where 
they are easily accessible. The pistons. Figs. 1841, 1812, 
are formed of a thin iron plate wrap|x*d around a wooden 
cone, through which pas.scs a rod with a screw thread 
cut at one emi, this receives a nut to hold the plate 
that keeps the leather, which is notohcxl around its e<lge, 
in }K>sth'on. The weight of (he piston complete is 12*8 oz. 

The cjirriers employ o<l hold the despatches. Figs. 1843, 1844, are cylindrical, the outer sheath 
is made of leailnT^ and the inner of sluiet iron. Fach currier cun hold from thirty to thirty- 
live dt^putehes. It is found that the combination of leather and iron quite jirotects tbe contents 
from dampness and impurities in the tube, and the leather envelope will run for alioiit 1200 miles 
lK*fore it has to be thixjwn aside. The iron |K>rtiun lasts for an indefinite period. The weight of 
each ]Hirtiou is, for the leather, 2’ 3 <»z. ; for the iron, G‘4 oz. ; and the carrier compleW, and charged 
with thirtv-five letters, weighs 12*5 oz. 

The following is a list of dimensions of the tubes, pistions and carriers employed ; — 




( Straight 

1 Curved 

( Standard diameter inside 


Tulies 

* * \ Minimum „ 

( Standard „ 

*• \ Minimum „ 

»* 



Pistons 

( Iiiiiint ter of head 
•• \ l^ength „ 




Carriers 

( Outside diameter 
• * \ Length 

s • * • 



inches. 

2-559 

2*5197 

2*559 

2-441 

2 *302 

8-543 

2-283 

5-118 


III Figs. 1845, 184G arc shown the arrangement of the two stories of a typical station ; the 
rt.‘servoir O, punqis I J B, turbines TT, and other accessories being on the lower flcx)r, and the 
ofiices O, riHHdving and transmitting apparatus F F, and messengers’ room M, above. In some cases 
the cellars are made use of to receive the reservoirs, the water being brought in from the street main, 
or, if nocesHiiry, ctdlars fMqmmtod from the station building are employed. 

Two classes of n'ceiving and transmitting apparatus are employed in the stations, vertical and 
horizontal, Uie IntU^r Udiig preferable if space permits of its installation. The vertical arrange- 
ment is ^lowti in Fig. 1847. The tul>e A is a vertical extension of the piieumatic pifie T. Tlie 
d«»»»r P, placiHl at the Ixdtoin of the tube A, serves to introduce or remove the carriers and piston. 
The two cocks, H and li’, controlhHl by the handle m, are arranged so that when one is shut the 
other is cqH.uied. These establish CHUiimunicatioiis cither with the atmtMjphero or with the com- 
pressed-air reservoir, according to whether the apparatus is receiving or transmitting despatches, 
111 the former case the c<»ck II is closed, and IP is opened, and the air in advance of the train 
esca|s>s, Uie train rises into the tube A, strike^i against the top, and then descends until it is 
arrested bv tlie fork F, placcnl in the 0 |)©n door P. The cases ore then removed and placeil in a 
basket C for distribution. If, on the t»ther hand, a train has U> bo transmitUMl, the carriers uiul 
pistons are placed hi the* tub*^ through the door P, which is thou cIosihI ; the CiR'k R is ojHjned and 
iP shut, and the conipr^’sned air from tlie rt m^rvoir pro{K>ls the train to its dt stinatiou. 

TIms horizontal apparatus consists of a conical Imx mounted on cast-iron brackets. The carriers 
travel from the tube into the former, and arc reinoveil by o])cratitig a lever, which rekases the 
hittgetl lid covering the upiier part of the box. In transmitting, the carriers are inserted in the 
tulle through the door, which is then closed. A (jock at the end of the Bpi»aratus places the bt»x 
and tube in oonneoikm with the pressure or vacuum rest'rvoir. In tlie forward part Uie 
apparatus is a valve, o|ieraied by a haudwheek This valve is used to close the line for dinoreui 
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Tequirements of service. Special receiving and transmitting apparatus are used at intermediate 
stations where no compressing machinery exists. Thus, suppose there exist three stations, A, B, 0, 
of which B possesses no motive power. It is necessary, therefore, to depend upon the power at one 
of the terminal stations for the transmission. In working, the carriers at B must be retnovod and 



replaced by other*, and the new train forwarded to A or C, according to draamataaoM. Tb« 
apparatn* employed for thu ^rpc«e ia ahown in Fig*. 1848, 1849. When the train ia forwarded to 
A, the inr m front eecape* through the opening c, the valve 6 Ijcing open aa well a* the valve a. 
J he tram having entered H, it nnahoa the upring r, and clciaet the valve b, which la held in ita 
new poBition by the eonnter-weigbt c. The acrew d ia then moved, ao aa to eloae the tahe /. The 
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cover A of tho hox may then be raised, and the train removed without loss oF air pressure. This 
being done, the door /, Fig. 1849, is opened, the carriers and piston of the new train introduced, the 
compressed air is transferred to the new line by the valve B, and the train is then transmitted 
to station C. 

Fig. 1 850 is one of the moans employed for producing a vacuum or compression to work the 
tubes. In producing compressed air, the water is admitted into the reservoir A, and forces tbe air 


1850 . 



contninod in it into tho roct ivers B B, each of about 215 cubic fe< t capacity. The apparatus is 
phirod fui the ground -floor of tho station ; and between tho orifice V' of the discharge pipe V V' and 
the jM>int whore the water is discharged, there is a differcjrice of level ranging between 13 ft. an<l 
2<> ft. The pii»o V' ends in a receiver in the sewer. With a difference of level of IG ft. or 17 ft., 
the power at c<jiumand in the reservoir will be about half an atmosphere ; and when placed in con- 




nection with the tul>c, the train of carriers will bo put in motion by 
ll»e difference of pri»4sure due to the atmosphere on one side, and the 
|Nirtial vacuum on the lither. The ordinary tiiiuensiona of the receiver 
A, and the heiul of water ranging from 13 ft. to 2G ft., are sufficient 
to give a tx^nnal sjKnd of from 1300 ft. to 2000 ft. a minute; and 
this duty may Iw incnjastnl by taking away a further quantity of air 

in the reservoir with the escaping water. Tlic supply pi|>e for tilling the reservoir from the water 
main is shown at U ; B R are the coiupressod-air chambers, and U is a cock for regulating the com- 
munication betwwii them. K E' aro tho verticjd receiving and distributing apparatus ; R' R' are 
pressure and exlmust valves; M is au electric bell, and 8 is a cheek valve ; c c' are the receiving 
columns ; /«/ are the pneumatic IuIkjs ; m m is the pijx> communicating l>etween the reservoir A 
and the rtx?<>iver B; g /> arc tho i>i|ies loading from the receivers to the reception apparatus. A 
iiio<iiffcatioit in this arrangoinent is shown in Fig. 1851, where 
the exhaust pipes are coiiiuxffe<l by a pi[)e t/ m, and extended to 
the restTvoir A. The cocks It ami It' are not coupled, but arc 
wtirke<l indcqiendontly. It fc»r tmnsmissiou under pressure, R' for 
riMTiqitioti bv vacuum. In this arrangetiumi, wlicu the uppamtus 
is employed for rctH»ption by compressed air from tho adjacent 
station, tho air is exhausted by one of tho openings P P. 

Fig. 1852 rtn>resentH a vertical ap{Hiratus, in which, by means of 
the pipe x, cifMaHl by the cock U^', tho air in advance of the train 
can lx* lilH*rtitc<l into an iindc^rground cellar. 

Considonihle economy in working has Ix^en oflcctod by 
employing a jot Ui draw in air for working with oomprea^tiou. 

Fig. 18511 is tho arniugetuont, in which P is a re«»rvoir of 
282*5 cubic fcfot capacity. Tho water arriving by Uio city 

main passes through the o|>entng O into tho apparatus B. This apparatus is provided with a 
valve 8, for pn^venting tho esca|»e of the compressed air in tho ro8t»rvoir P. With a head of water 
of 28 ft., a quantity or air equal to 0*485 of tuo volume of wuU*r may bo drawn into the reservoir ; 
eiid the final pressure of air obtained was 1*21 inch of mercury. This system possesses greivt 
advantages. By simple displacement, a volume of air at atmospheric pressure, equal to the volume 
of water removecl, is obtained *, but by the addition of tlic induced ourrent arrangemont, a volume 
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equal to 1*465 results, representing nn economy of about 32 per cent. Figs. 1854, 1855 show the 
complete arrangement as desimitul for a station. The compres8e<1-air reservoir is at P, and it may 
be fed by the ilireot introduction of water from the hydrant A by moans of the cook R. When the 
injector is used 11 is closed, and the valve r is opened. The water then passes by the tube CCD 
into the Ixix E, and the water is discharged into the tubes T. In Fig. ISoS six of these tubes are 
shown to reprt‘sent tlie proportion necessiiry liotwticn the amount of (lischurge and tlic size of the 
receiver P. The box E is connecb d to the Ixix II by the bars (r (1. the b^x H receiving the water 
and the induced air which pass throiigli the valve box I and pi^w K int*i 1*. By means of the 




bar O O the position f)f the box K, with n*ference to the 
monthpiece 'a T, may b' rcgn!aU*d, so as to oiftinn the 
best result. As well ns the ino<l*>s ulreinly indicated, 
the water has uLso been utilized by luf^fins of turbines 
used to drive double-acting pumps for conipressing or 
exhausting the air. AVilh a fall of 3l» ft. 6 in., the 
turbines employed, which are 23 in. di.'Uiieter, make 
245 revolutions a mtnub*, ami discharge 1*72 cubic h>ot 
a secoml when the maximum numl»erof ten (»jh nings are 
supplied. The 8pee<l of 245 revoliitiofts is brought down to 22 at the pumps. In the plans of the 
station, Fiirs. 1845, 1846, this arrangement is sh*>wn, ami may here be airniri referri d to. ^J’hc basc^ 
ment eontains the turbines T, and the pressure and vacuum reservoirs V and 1>. The water 
pn^sure throughout Paris is of course unequal, and at some high sUdnms stt am ])owcr is ri'sortcd 
to of Ticc*e8sity. 

The jiractical working of the pneumatic system of Paris may now be briefly considered. The 
carriers forming the train are made up, addressed labels U-iiig afllx«Hl to the carriers <lestined for 
each oflSec. and circulation cominem*es in full activity at 8 a.m. Fig. i.s a ilitigratii of the 

system, the arrows indicating the iHreelions «>f the traffic. Un the close pdygons of the cinniit, the 
traims are worked alternately in each dirc'ction for ihnM: rnfmth.s, to ri*m»ae any o)>stnic*iinn 
which might otherwise accumulate. In winter the trains an* more Hoih*d that in auminer; the* air 
from the stution being heated, de[>o8its the vaj»our with which it is satunited in the tuWs. This 
inconvenif-nce is partly removed by e-stublishing the air rescTvrdrs in cellars where the temperature 
is low. A train on being sent from O arrives at station 8 with the forward t^arrier flllcH) with 
despatches for 8 and its district, the remaining carriers l>€‘jng for stations 6, 7, 10, 0. The first 
oariit r is removed, and another takes its phtce, conhiining tin* <lesf>atch<*s colleeto'l at station 8 or t», 
7, 10, 9, which the previous train frr*iii circuit G has brought there. The newly tiuide-iip (min is 
then forwanled on tin* 8~I1 line, and ho on round the circle Imck to O, the Of»enktt<m di'serifK**! Ijs^titg 
rojKcated at tlie stations 11, 12, 13, 14. The train serv ice b controll* d by means of the official in- 
structions relating to the actual times of arrival an<l de]mrture. This titnotable, and ii plan of 
the cir -uit. t«> which the stuthm bdongs, as in Fig. 18.57. hung on the wall of the office. Only 
the tiiiK/sof departure are given, the twirwls of arrival U ing *lednce<L By the fonnula II + < 5 , 
w’here II is* the time of dejHArture Irom the centiril htireau ft, and x a constant time for 
station, the moimnt at w'hh*h Any train, the ininils*r of which is known, will pass, is 
ascertained. Exact accord of time between the stations is neci'ssarv, and r-Ujctrie corn mini lent ion 
I.M established over the whole syst^^m. Ibdundng fo Fig, 1856, at station ||, it will lsi m-tm that 
three circuits, P, E, I>, centre at this ]Kiint, which is Cfjms4'qnr*ntly of high iiiuiortance, Tlireo 
trains, fmm 11-12, 23-J2, and 18-12, are received and transferred here in the manner already 
dc8cnl>ccl. lo lake an example, a despatch left at station 10, at 9h. 35m. a.m., to l)e deliveml in 
^ leaving O at 9h. HOm.. and quitting station 10 

at Jh. .i7m J he omnihus carrier of circuit G h-aves it nt station 8 at Uh. 41 *5m. The tni^ge h 
then transfern^il to the omnibus carrier of circuit P, and reaches station 12 at 9h. 51 -Om. Thor© 
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ivlth the working of the tubeii is the removal of obstructions which occur 
ig not unlrequently serious inconvenience and delay. The most general 
^ stoppage of the train arising from acchleiit to the tube, to the carriers or 

piston^ or to the transmitting apparatus. lu 8u<>*h cases tlu; delay is generally very brief, it being 
for th(H most part sufileient to reverse the pressure on the train from the next statif»n, and to drive 
it back to the point it started from. If one or more of the carriers break in the tubes, reverse 
pressure is also generally sufficient to remove the obstarde; but where this fails, the point of 
obstruotiou must be ascc*rlaiiied. This is done by carefully observing the variations of air pressure 
in the reservoir, whtm placed in connection, first with a line of known length, and then with the 
ol>stni<*te<] ti]l>e. liy this means the position of the obstruction can be ascert diied within 100 feet. 
Or the iiibe may be prul^eil with a long ivk 1 up to a length of 200 feet. A very ingenious apimratus 
by Oh. iiontewps, Fig. 1858, is employed to ascertain the exact position of the obstruction. It acts 


Intimately oonneoted 
from time to time, oausit 
cause of obstruction is a 


IS67. 




by tho reflect’on of sound waves on a rublKT diapbragn. A small metiil disc is cemented to tho 
rubber, and aliovc* this is a }V)inte<l serow I>. An electric circuit is closed where the prdnts C and 
1) are bnuikdit in contact. To locate an olistruetion a pistol is fin.d into the tul>e as shown, and the 
resulting wave traversing the tills? at the rate of 3il0 metres a second strikes the obstruction, and is 
then rertfH*t4xi against the diaphrugm, which in its turn reflects it to the obstacle, whence it returns 
to th«' diuphrtigm. By this means indicnitons arc marked on the recording cylinder, and if the 
interval of time lietwoen the first and si^coml indications be recorded, tho distance of the obstacle 
from the mernhrane is easily ascertained. I'ho chronograph employed is provide<l with three points ; 
the first of them^ is plac^nl in a circuit, which is closet! by the successive vibrations of the diaphragm ; 
the S4*cnnd corrtTSjionds to an electric regulator, marking seconds on the cylinder; and the third 
siiUlivides the secruids there marktMl, Fig, 1850 imlicates a record thus made. In this case tho 
obsiac'le is situated at a distanc<« <if 62 metres, and the vibration marks thirty-three oscillations a 
scs'ond. The iiiUTval tK'cupiod by two successive marks from the diaphragm on the papier, corre- 
s(>onds to twelve oscillations, and the distance of the obstruction is then calculated by the following 
fitrniula ; — 

12 

D = • 5 X 330 ^ ~ ^ metres ; 

so that iht* distance of tho obstacle is recorded within 2 raetrt?s. 

Amongst the sfK cial causes of accident may be mentioned, the accidental absence of a piston to 
the train, breaking of the piston, and Uic fret<zing up of a piston in the tube. 

PUMP. 

Blake's steam pump poi«seascs Bc?vcml novel features, tho leading one being a combination of two 
slide viilvt^M which niuier the action of the pump iH>»itive and continuous under any pressure, and 
Wiirkiiig at iinv rate of h|S'<h1, fast or slow. 

Fig. 1864 IS a lungiiiidinal section of the Blake pump, as made by S. Owens and Co., I.ondon, 
Fig. 1862 iMung a section and plan of a sei'ondary cylinder which couhuns an auxiliary pi.^ton for 
actuating the main valve, whilst Fig. IStUl is a half*end elevation and cross-section of this cylinder. 
Fig. 1866 is a plan, idevation, underside view, and the npiM?r part of Fig. 1861 an end elevation of 
the tinxiliary vulve ; the two lowtwt sections in Fig. 1861 U*ing sections of the main valve. Both 
the main and auxiliary valves are plain fiat slides, the main valve being a common D valve and the 
auxiliary a valve of the form shown. The latter, Udng attachtnl to a nxi w Inch rtwives an impulse 
from tho main sham piston, is moved with the same alisolute certainty as is the slide valve of an 
oitli nary engine driven by an c ocontric. Tho secondary cylinder is mounteil on the primary or main 
cylimler. The onlinary spring-ring steam piston, whicii it contains, drives the main slide valve 
which works on tlu? upper fac4» of the auxiliary valve. This v»ilve has tliree ixirts of equal area, 
wiiiclt coiTeH{iond in c^very |>osition with the (orts of the main cylinder. 

In working, if the main piston should attiiin u velocity in excess of the piston which actuat^ 
the main valve. Die piston strikes the tapped. Fig. 1804, projeeding through the cover into the main 
cylitider. By ibis moans a leail is given to the main valves, ste^iu Ixniig Dierehy admitted in front 
of the ^ston forming a otuihioti» ana giving steam to start the piston on its return stroke. It will 
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bo obfioryod that the auxiliary valve has two slots cut in its underside as in Pig. 1860, Those slots 
communicate with the main exhaust passage, and also give steam from the valve chest to l>oth ends 
of the auxiliary, or main valve piston, alternately. The result of this is, that diTOotly the auxiliary 
valve is thrown over by the action of the tappet rod, steam is given on one side of the auxiliary 

1«60. 1861. 1862. 1H63. 



it striking the cylinder cov€^r. In these combined ope rations no waste of steam occurs, as it is 
retained, and gives out its u.4criil effect on the return stroke. 

The result of this ingniious cranbination of valves is a perfectly continuous action witlnmt 
dead point, and imasnisted by fixtram.-ous means. This 
is attained without any complex internal arrangement, 
and without the presence of parts whi^-h arc liable to 
get out of order. Of the excellent working of the 
Biake pump at extreme ranges of speeds, the following 
experiments arc a proof. A 5-in. pump with an 8-in. 
steam cylinder liaviug a 12-in. 8trr»ke was started to 
work at 155 single strokes a minute, and the spc^l 
was varied down to 25 strokes. It was then again run 
up to a high s}ieed and suddenly w t, with the delivery 
throttled to represent a head pressure of water of 
230 ft., and with an average steam pressure of 40 lb. 
to run at the rate of one stroke in twelve minutes 
or five strokes an hour, delivering water throughout. 

Wo thus have a piston speed of 1 in. a minute or 5 ft. an hour, and a eontiniious delivery of wutor. 

It is needless to observe that such a slow sjieed as this could not possibly be required in praciiocy 
but it illustrates the reliability of tlie pump either in quick or slow working* 
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Tho principal details of the steam pump devised by W. Walker^ and made by Clayton, Son, and 
Hewlett, of London, are indicated in Figs. 1865 to 1867. Fig. 1865 is a side clevation'of the pump 
with the steam cylinder in section ; Fig. 1867 being a transverse section through the centre of tho 
cylinder at A ; and Fig. 1866 a similar section through the end at B. Although, from the descrip- 
tion, the pump appears somewhat complex, it is not really so, there being but two moving parts, if 
we except tlie pump valves. 

Tiie piston is formed with two heads connected together by a barrel, the heads being packed and 
fitting the interior of tho steam cylinder. At about the centre of the length of the cylinder is an 
annnhir partition in which the barrel slides steam tight. A key fixed in the partition and enter- 
ing a groove formed in the barrel prevents it from rotating. Tho steam cylinder is formed with a 
cham^r above it, which receives the slide valve. The valve consists of two parts, which are con- 
nected together by a link. The two sections of tho valve are formed with passages, which serve to 
establish communications for the fiow of steam, from the annular spaces between tho piston barrel 
and tho cylinder to the ends of the C 5 r]inder. The valve has recesses wliich at the proper time 
establish communications with the exhaust passages. Tho valve is not required to be quite steam- 
tight within the chamber, and therefore is not packed. Steam is admitted to the central 8|mce 
between the two sections of the valve through an opening at the top, as indicated bv the arrow, and 
part of the steam finds its way by h^akage into the end spaces of the valve chamber. A passage 
formed in the cylinder casting extends from the left end sp^o of the valve chamber, to a port formed 
in the central partition, as represented by the dotted lines in Fig. 186.^. A similar passage extends 
from tho right end space to a second port formed in the partition, but as the passage is formed in 
tho mrt which is cut away in Pig. 1865, it does not appear there. 

Two passfiges are formed in the barrel, in such a manner and in such positions as that, when the 
piston approaches the termination of its stroke in either direction, one of these passages will connect 
either of tho passage^s seen on the left and right hand of the barrel iu Fig. 1867, with an upper 
passage which extends into tho exhaust. Tho effect is, that steam will fiow from either of the 
spaccHii at the ends of the valve chamber into the exhaust, and the equilibrium of pressure upon tlie 
ends of tho valve thus being disturbed, tho valve will be moved in t!»e direction towards the space 
which has been so exhausted. 8un|iosing the parts to be in the positions. Figs. 1865 to 1867, high- 
pressure steam would bo passing through tho port to the right of the central annular partition, into 
the annular space at the mre end of the piston, and at the same time the steam, which had acted 
during the iuinkediately previous stroke, would be passing through the port and passages to the 
loft of the annular |>artition into tho space next the cylinder cover in which the steam would 
expand, and the piston would, therefore, be propelled in the direction indicated by the arrows in 
Fig. 1865, the exhaust steam flowing from the front end of the cylinder into the exhaust passage. 
The movement of the piston in this direction would continue until the piston had moved into posi- 
tion to connect tlie left-hand and upper passages, Fig. 1867, when steam would pass from the left- 
hand space in tho valve chamlier into tho exhaust passage, and the excess of pressure within the 
spu<*e at the other end of the chamber, would force the valve towards tho opposite end. 

The effect of this raovomeiit of the valve would be to open the port on the left of the annular 
partition for the admission of high-pressure steam into the annular space on the same side, and 
to establish a thoroughfare for the flow of expanding steam, from the annular space on the other side 
through the passages above it into the space in front of the cylinder, the passage near the C 3 dinder 
cover being made to communicate with the exhaust passage, whereby the reveraal of the direction 
of motion of tlic piston is effected. A starting handle is provided in order that the valve may \te 
worked by hand when the pump is to be set in motion after being at rest. The handle is mounted 
on a rooking shaft on which a lever is fixed which gives motion to the valve when the shaft is rocke<l 
by means of the handle. The pump itsedf possesses no spc^cial features, lieing of the ordinary form. 

These steam pumps, it is stated, effect a very marked economy of fuel. They work high and 
low pressure expansively, and wdll deliver a constant stream of water at any ordinary height. 



Figs. 1868 to 1871 are of one of Hayward Tyler and Co,*8 “Universal” steam pumps, with tho 
slide valve arranged on tho outside of the cylinder. Fig. 1868 is a vertical lon^tudinal section 
through the cylinder and valve chest; Fig. 1869 a horizontal longitudinal section through tho 
valve chest; and Fig. 1870 a cross-section through A B, Fig. 1868. Fig. 1871 is also a cross- 
section of the valve chest hiken through the oentre of the exliaust port. When the main piston 
passes over the ports X X' in the cylinder, steam is admitted to the ports Y Y' iu tho main slide. 
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which ports again oommunicato with tho small slide throagh the ports Z Z’ to either end, as the 
case may be. The small slide is then moved over, and supplies steam to the alternate ends of tho 
main slide, and the ports Y Y* are placed in proper position for the return stroke ; when the move* 
ment is reversed the same process is euactetl, the ports X Y Z or X' Y' Z' come into use alternately, 
as the piston passes to tho ends of the cylinder. The exhaust of tho small slido is effected in a 
similar manner, by its ports coming into alignment with a port in the main exhaust rK)rt. This 
pump works well, and reverses slowly at the end of its stroke, allowing time for the valves to fall. 
It also enables a given length of steam cylinder to accommo- 
date a longer stroke than is possible with the ordinary I87i. 

arrangement, and some, in addition, enable the valve to be 
w^orked by hand if required ; this is at times a oonvenienoo. 

Figs. 1872 to 1874 ore sections of the steam cylinders of 
Cherry’s compound steam-pump, made by Tangye Brothers, 

Biimingham. The low-pressure cylinder B surrounds the 
high-pressure cylinder A, the low-pressure piston being 
auuular, and having two piston rods which are attached 
to the same crosshoad us the rod of the high-pressure 
cylinder, which is fitted with a liner, the space between 
this liner and the cylinder forming a steam jacket from which heat is radiated into both 



cylinders. , - 

The distribution of steam to both cylinders is effected by a single slide valve c, the paasagoe for 
the high-pressure cylinder being formed in the cylinder covers. At the ends of tho valve chest are 
short cylinders a and 6, containing pistons which are both cast in one piece with a connecting bar 
having steam passages formed in it. From this bar a cylindrical boss projects downwards, and 
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enters a suitable hole in the main valve c, any motion of the two pistons just mentionerl being thus 
communicated b> the main valve. The bcjss on the connecting bar is hollow, so that it forms a oon* 
nection with the exhaust cavity of the main valve. 

On the back of the main valve c is a small supplementary valve cf, which is capable of moving 
transversely to the line of motion of c, and which has on its back projecting lugs placed obliquely, 
and having a sliding block fitted between them. A finger depending from a short rucking shaft 
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takes hold of this sliding block. The rocking shaft passes out through a stuffing box at the side 
of the valve chest. Fig. 1873. Outside the valve chest the rocking shaft carries a forked arm having 
adjustable contact pieces, which, at the ends of the stroke of the main pistons, are struck by a 
pendulum lever connected by a link with the main crosshead, shown by dotted lines in Figs. 1872, 
1874. 

Wlien the main pistons are approaching one end of their stroke, for instance, that to the left 
hand of Fig. 1872, then the pendulum lever strikes one of the contact pieces on tiie forked arm 
carried by the rocking shaft, and partially rotates that shaft. This movement shifts the sliding 
block on the back of the small auxiliary slide valve, and causes the valve to move trausversely, 
thus uncovering one of the auxiliary steam ports. Fig. 1873, and admitting steam to the short 
cylinder a at the end of the valve chest. This admission of steam shifts the main valve towards the 
right, and thus admits live steam to the left-hand end of the high-pressure cylinder, at the same time 
placing the left-hand end of tlie low-pressure cylinder, and right-hand end of the high-pressure 
cylinder; in oommuuication. The main pistons then commence their stroke towards the right. 
In addition to the transverse movement of the auxiliary valve admitting steam to a, for the 
puri) 08 e of shifting the main slide valve, immediately that valve Ixigins to move it would, through 
the effect of the inclined sli<lc8 at the back of the auxiliary valve, shift that valve fco as to cut off 
steam from the auxiliary cylinder a. The effect of this is that the quantity of steam admitted t6 
tiio auxiliary oyliiider at each stroke is only that sufficient to start the main valve, the remaining 
movement of that valve being effected by the expansion of the sU^am in the auxiliary cylinder. 
Referring to Fig. 1874, it will be seen that a simple arrangement is provided for cushioning the 
auxiliary pistons. This consists of a tube in each auxiliary cylinder, which fits and slides in the 
corresponding steam passage leading to that cylinder, this tube bedng perforated so that the steam 
can pass out from its interior into the cylinder. The movement of the corresponding piston covers 
the perforations in the tube, before the cud of the stroke is reached, and thus shuts sufficient steam 
into the cylinder to form a cushion. 

A steani pump. Figs. 1875, 187C, by Hayward Tyler and Co., of London, has the compound 
system, and the valve gear, invented by Cope and Maxwell, acts m>on the principle of controlling 
tlie rate of movemeut of the engine to which it is applied, by the now of a liquid from one end to 
the other of a cataract cylimler. 

Fr<mi Figs. 1875, 187fi it will be seen that the two steam cylinders and the pump cylinder 
are placed iu a line, the high-pressure piston rod a and the two low-pressure piston rods a' a' being 
confuicted to a crosshead, from which an arm b projects downwards, Fig. 1875. The lower end of 
this arm is coupled by a link v to the lower end of a lover d, carried on a rockliig slmft <?. This 
rcK'king shaft also carries a pair of arms which, by means of a j>air of links /', are coupled at g 
to u jwiirof levers • h vibrating t>n a fixe<i centre at /i. These levers are also connected at g by links 
g' if' to the Imso-plate /, having cast in one piece with it tlie two cylinders inn. This l»ea-plate, 
with its cylinders, slitles on suitable guides formed on the girder carrying the fixed centres c 
un<l /i. Tills motion we will explain presently. 

The levers h i, at iht ir up{ier tJiuls i, are cajiable of operating on striking piecc'S j j\ adjustable 
on the spindle of the slide vulve4of the small steam cyliiulcr m, the outer end of this spindle having 
foriiit>d in it a slot through w’liich a hand levc-r passes. The set'oud cylinder n, on the sliding bed- 
plate /, is a cataract oyliuder, and its piston real is couplcxl to that of the cylinder wt, and through 
the luttcu' t<* the spindles of the slitle valves /> ami g l»elonging to the main cylinder r and s. The 
cataract cylind«‘r is filled with water or oil, and the flow of this liquid from one end to the other 
is controlleil by the valve v fitted to the bye-pass channel, as show'ii in the sectional plan, Fig. 1873, 
which also shows how tlie steam is led to and from the valve chest of the small cylinder m by the 
sliding steam and exhaust pijK^ t and a, respectively comnmnieuting with the steam inlet and 
exhaust passag(*s of the main high-pressure c>iind€*r r. 

When the |>arts arc in. the iKtsitions indicated in the figures, the slide valves are all at the 
middle points of tlieir travel, and the steam is thus shut (»ff from all the cylinders. If the engine 
is started by moving the slide valve of the small steam cylinder m towards the left, so as to 
a4ltuit steam to the riglit-hand end of the cyliinler »a, the 001*01 of this will bo to cause the 
pistons of the cylimiers m and a to move towards the left, at a rate controlled by the adjustment of 
the valve v iu the byt*-pass of the catanict cylinder n. 

But the inovcineiit of the pistons iu the cylin<1ers m and ri, also causes the movement of the slide 
valves p and g of the main cylinders r and «, and thus admits steam into the right-hand ends of 
these cylinders, causing their pistons to move to the left. Again, this movement of the main 
pistons carries the arm b to the left also, and through the intervention of the link c, lever d, and 
arms /, shifts towartls the right the sliding InHl-plato I with its cylinders m and n. But the 
cat4iraet cylinder n, in being thus moved towards the right also carries with it its piston, which is 
coiiiu^ted to the valve spiudlcs of the iiiaiu slide valves p and g, and wo thus see that the move- 
incut actuali 3 ' imparted to these valves must be ei|ual to the difference between the movement of 
the cataract piston towards the left in its cylinder, and the movement of that cylinder itself 
towards the right. 

8o long as the main pistons do not tend to make a stroke at a higher rate of speed than that for 
which the cataract is set, so long will the movement of the cataract piston in its cylinder suffice to 
keej) the main sli<le valves shifted towards the loft, thus admitting steam to the right-hand end of 
the main cylinders, and causing the main pistons to move towards the left. If, however, the 
engine moves too fast, then the movement of the bod-plute I and cylinders m «, towards the right, 
under the action ot the levers d and /, ovcrjxiwers the movemeut ol the cataract piston in its 
oyliuder, and shifts tlie main slide valves towards the right, thus shutting off steam &om the right- 
hand end of tlie main cylinders. 

Tills continues until, ns the main pistons approach the emd of their stroke towanls the left, the 
ujipcr ends of the levers /i t come into ountael with the striking piece y ^ and shift tlic small slide 
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valve tewarda the right, thiis revereing the admiarion of steam to the cylinder m, and cansing 
it to enter the left-hand end of that cylinder. The effect of this is, that for a short period, the 
piston of the cylinder m as well as that cylinder itself, both move towards the right, and the main 
slide*Talvc6 p and q are thus pushed over, reversing the admission of steam to the main cylinders. 
During the movement of the main pistons from left to right, the same action as that above 
described takes place, but the parts move in o|>posite directions. 

One effect of the action of this valve gear is to produce a pause at each end of the stroke of the 
main pistons, thus giving time for the pump valves to close properly. The compound pumping 
angine, Figs. 1875, 1876, has steam cylinders 12 in. and 24 in. in diameter with 30 in. stroke; 
the pump, which is double acting, having a cylinder 7 in. in diameter. 

Tho pulsometor invented by Hall is a somewhat singular but simple direct acting steam pump. 
Figs. 1877 to 1879 illustrate one of the forms of this pump, made by the Pulsometer Engineering 
Company, London. The apparatus consists of two chambers, A A, which terminate at the top in 


lB7t. 1878. 



hipcring necks, leading to corresponding openings or passages in an upper casting J, to which the 
steam pijie K is also connected. This casting J contains a spherical valve, capable of closing tlic 
openings leading to either of the chambers A A. At tho bottom of the chambers are inlet valves 
K E, covering ojienings communicating with UiC suction pipe C. A<ljoining the chambers A A,, 
and communicating with them by suitable passages. Figs. 1878. 1879, there is also a third’ 
chainl>cr, tlttod with the discharge valves F F. Bt*tween A A, and cast in one piece with them, 
is an air vef»4d B, which is connectwl only to tho suction, but which in some of the pulsometers is 
divided by a ptiriition, so as to form both suction and 
delivery air v^'ssols. Near the top of each chamber 
A A are provided small air valves, oj>eniiig inirards. 

Having charged the apparatus with water, and steam 
being tumeii on, the steam passing down the pif>e K 
will eiiter one or tlic other of the chamliers A A, 
according to the |>o8ition which tlic small valve in 
tho existing J happens at that moment to occupy, and 
pressing on the surface of the water in that chamlier, 
will force it out through the discharge valve. During 
this process, owing partly to the shape of tho chamber 
and the consequent steadiness of the water surface, 
tho condensation of the suam will ho small, but im- 
modiiitoly tho level of tho water falls to that of tho 
discharge passage, tho steam rushes out through 
that passage, and in doing mo <listurbs tho water, and 
causes it to bo thrown up amongst the steam, thus 
inducing the rapid condensation of the latter. The effect of tliis is that a vacuum is suddenly 
formed in the chamber in w'hieh the steam has just l>een acting, and the water rushes in through 
tho suction valves, the small ball valve at the top bedng at the same time drawn promptly over, thus 
shutting t)ff any further supply of steam ftxim the chamber which has been acting, and mlmitting 
steam to the other chaml»er, where the same series of operations is repeated. The small air inlet 
valve fitted to each chamber A, comes into action when tlie vacuum is formed within the clmmber, 
and by partially destroying the vacuum, checks the rush of tho water tis the chamber fills, and 
thus provouU the ball valve at the top from being thrown off its scat by the impact of the water. 
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as might otherwise occur. The air, by prevonting the intimate contact of the steam and water, 
also seems to check the condenaation of the former. The valves used in the piilsoinetor are 
worthy of notice ; they are, as will lie seen, clack valves, closing on woollen seats, and fitted with 
wooden striking blocks at the back. Tliey are arranged so as to be very readily accessible. 

Wo are not in pos8e8sit>n of any precise data ns to the steam consumption of the pulsometor, 
when doing a known amount of work, but it is stated that, although not protending to any 
high degree of economy, yet the instrument ettn compare favourably, as rt^gards steam consumption, 
with many steam pumj^s now in use. Apart from any such question, however, the handiness with 
which the pnlsoinoter ran be applied in many out-of-the-way situations, and the small attendance 
it requires, will commend it for use umler a variety of circumstances, 

A most iugeuious form of centrifugal pump is the helictil pump, inventoil by John Imray, It 
was thought tfmt if it were possible to cause a series of blades B B, Pig. 1880, hi move through 
a liquid coutaineil in a canal C C, in a direction os nearly as possible coincident with that of the 
canal, a current would 1 k> set up and maintained in the liquid at a velocity very nt*arly equal tii 
that of the blades. Obviously this arrangement in a straight canal is imposaihlo, because the 
series of blades would have to bo infinitely extended, and there would be no means of closing tlio 
liquid in at the points where the successive blades enter and leave the canal. It sfMjmed possible, 
however, to* apply this principle, by arranging the blades an<l bending the canal round the 
cireiimference of a circle, in which case, tlio canal being inclined to the plane of revolution of the 
blades, would necessarily bo of helical form. 

Tlie construction and action of the belieal pump may bo illustrated by imagining that a large 
shallow nut is tapped with a Bcrow thnnul, making only two complete' turns in tin* length of th«j nut, 
the space between the thn^atls being al^out eight times the thickness of the thre4ul, as shown in the 
diagram. Fig. 1881 ; and the helictd channel is exteinknl tangentially outwards a certain distance at 
each end of the nut. A cylindrical recess is turned out of the interior of the nut in the ct^ntre, to 
the same depth as the thread, and leaving a |»ortion <if tbt' thr(*ad on <'aeh side of it, as shown by 
the dotted rectangle. Fig. 1881 ; and into this s|>aco is introtluced a simf^le |>a<ldh*-whet*l, with a 
boss on each side, filling up the aperture of the nut. This combination then accurately represt^uts 
the helical pump ; the head of the nut fonns a 

cliannel of sipiare section, \iith a tangential inlet i«8i. 

oil the one siile of the nut, and a tangential out- 
let on the other side, the IkmIy of the chaniud 
being carrii'd helically round, so as to present an 
oblique ojicning on each side of the wheel h) the 
spaces between the blades. The channel Ixdng 
charged with water, and the whcid being caused 
to revolve, the watf?r caught between tlie blades 
is carried round w*ith them, and gradually shunted 
across their width by the inclination of tiie helical 
sides betwt*en which it revolves, as in Fig. 1885, 
which may l>e taken as a <lovelop<‘d vi«*w of a j:K»r- 
tion of the circumference of the wheel, and of the 
helk*at passage to and from the wheel. The water 
thus becomes a current, entering by the one tan- 
gential passage and issuing by the other, with a 
velocity nearly equal to that of the wlnxl blades. 

. Fig. 1 882 i.s a longitudinal sectioTi of the wheel 
and one-half of the casing ; Fig. 1883 is a plan ; 

Fig. 1885 a transverse section : Fig, 1884 is an ^;dgo view of the wind. The casing is tumle in two 
halves, both to the same hand and cast of the same pattern, Ixdtetl together and enclosing the 
wheel between them. Kach half has a tangential fiassago- A, one of widcli setrvoM for inlet and the 
other frir outlet, the direction of current being determiiiwl by the direction in which the wheel is 
made to revolve; tlie canal, beginning from the inlet pus-^age and terminating with the outlet, is 
carried round two eornplt te screw turns, the helical |mrtition which would scqmriile the one turn 
from the other Ixdiig omittoil to give r<Kim for the whe<d. It will l>e readily seen that the work- 
iimnsliip necessary to fit u|» such a pump is of the Himplcst and cheafX'st rhameter. The casings 
have only to lx Ijored out in the centre t4i provide Ix'arings for the shaft, and faccjd on the flanges 
to make a tight joint when they air* liolb'd together ; and for the wheel it is only iKjcessary to 
bore out the Ijoss and key it on the shaft. The Ixisiwis of the pump casing in which the shaft works 
require no glands, because owing to the centrifugal action there is always a suck in. Fnudiciilly 
these bearings are lubricated with melted grease, which is drawn in very fniely while the 
wheel revolves, and which, setting when the pump stops, cfiectually seals the liearings against 
leakage. 

The blades nsnally employed arc bent a little forwanls at the entering edge, and backwards at 
the leaving e<lge, as at DI> in Fig. 1884, rather for the purpose of stifieniug them by the corruga* 
tion than for accommofluting them to the flow of the water. 

Some experiments were made with this pump to ascertain the efficiency in respect to the power 
expended in working it. The result of these gave as the work done 58 per cent, of the power 
applied, 42 per cent, of the driving jiower lieing lc«#t in friction or othc^rwise. When the eiiirine 
and pump were worked without water at the same sriecd, friction was found t^> bo aWit 
14 per cent, of the total power which had lieen appUcsl to pumping. As this was the friction 
while no work was done, and consequently while there was little strain on the moving parts. It 
might jirolxibly not be iiic4>rrect to assume that the t4»tal friction of the engine and pump while 
doing work must have beem nearly doable, or at limst 25 per cent, of the total power developed ; 
adding this estimate to the 58 per cent, of actual efficiency observed, the total 83 per cent. 
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corresponds very nearly with the efficiency observed when speed only, without regard to power, 
was taken into account. 

Those results may be thus summarized. Assuming that the pump has such an area of passage 
and is driven at such velocity that it should, if there wore no loss, deliver 100 gal., then it will 
actually discharge 82 to 85 gal., giving a slip equivalent to from 15 to 1 8 gal. Assuming that 100 ft. lb. 

1882 . 188 *. 1885 . 


are applied to drive the pump, then the actual 
work pcjrformed by it, that is to say, the weight 
of ^vater multiplied by the height to which it 
is raised, will amount to about 58 ft. lb., the 
friction of the engine and pump l>cing alwut 25 
ft. lb., and the loss by slip l>eing about 17 ft. lb. 

Figs. 1880 to 1889 are respectively a plan 
and section of the wells and pumps desijpied 
and erected by J. and G. Rennie, for rapidly 
emptying the dry docks at Chatham. 

The following conditions were rcM^uired to 
be fulfilled in the design for the pumps. They 
were to be capable of removing the water 
from two docks simultaneously in four hours, 
pumping into the basin and without dis> 
charging into the river, the water in the docks and basin standing at 27 ft. above the sills of the 
dock eutmnees at the commencement of the pumping. The pum|>s were also rtquired to raise 
water from one fo<it below the bottom of the dock culvert, and discharge into the basin, or to pump 
from the river into the Imsin direct, in order to raise the level of the water in the basin when 
wanUMl. It was in addition considered desirable that in emptying the docks the water should be 
loweit^d HB rapidly as possible to the levcd of the broad altar course, indicated by dotted lino ^ 
Fig. 188(1, this depth wing 15 ft. below the top, or 27-ft. water level, and estimated to contain 
about 1 8,000 tons of water. The remaining depth from tliis point to the floor or bottom of the dock 
iH 151 ft-t containing nl>out 12,000 tons of water ; so that the total quantity of vrater to be pumped 
out in four hours was 60,000 tons, the lift increasing from zero to 30} ft. 

These requirements have been met by having recourse to dividing the lift for the lower portion 
into two iHirls, by placing the two pumps at <Ufferent levels, each pump lifting the water through 
only half the height, so that neither of them has to discharge against a greater head of water 
than about 15 ft. 

This arrangement renders it necessarv for each pump to be placed in a separate well, with 
separate suction and discharge culverts, but with a communication between the two wells, above 
the discliarge of the lower pump into the suction of the upper pump ; and with th€^ means of 
o)iening or closing this communication at pleasure by a sluice or penstock. The culvert C from the 
docks to the pump suction is 7 ft. diameter, and al^ut 1050 ft. length, dividing just outside the 
pumping engine-house into two culverts A A, each 7 ft. high by 3 ft, wide ; a sluice is fixed iu the 
iiuiin culvert at the junction, as well as an independent sluice in e*ich branch culvert. The 
Ml ells arc 11} ft. diameter, with a total depth of 55} ft., and are constructed iu brick, with granite 
copings and foundations. 

The centrifugal pumps and wells are shown in tho section and plan, Figs. 1886, 1887. The 
pumps K E work horiztintally upon vertical shafts F, whicli have bevel wheels 5 ft. 8 in. diameter, 
fixed on their up{)er ends, driven by 6-ft. wheels mxin a liorizonhil shaft G. 

The pumps are carried bv collars ou tlie shafts and are keyed upon them ; the pumps and shafts 
are held central by girders Sxed across the wells and staved W short girders at right audios. Tho 
lower bearings of tliii sbiifts arc cased with gun-metal, and work in lignum-vitro bushes without any 
end liearings, H, Fig. 1888 ; and the bearings at the upi)or ends of tho shafts are formed of a series 
of collars working in gun-metal, I, Fig. 1886, which carry the weight of tho puinjis and shafts and 
of the column of water in tho centre opening of the pump. By means of screws the level of the 
pumps can bo adjusted, so as to give a minimum clearance between the rotating part of the pumps 
and the fixed port, with the least loss from ch^arance and the least amount of friction. 
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The pumps are 8J ft diameter, and the suction pipes 4t ft* increasing to 6 ft. diameter at the 
rose end. The pumps, Figs. 1888, 1889, are of cast iron, and of a form that has been adopted by 
Geo. B. Rennie, who has found, by experiment that the ordinary form of centrifugal pumps, 
with the outflow abruptly at right angles, or nearly so* to the inflow causes a considerable loss in 

1887. 



the delivery of the water. The result was found to be that at all heights, the i»erccntage of duty 
was the greiitest, when the arms had a curve formed by the resultants of the circumferential 
velocity at any point, and the radial velocity of the water at that ix)int. This curve was conse- 
quently adopted for the arms of the pumps. Fig, 1889 ; it has a close resembhiuco to the curve 
advocated by Appold. 

The oporatiou of emptying tlie docks is performed as follows ; — At the commencement of the 
pumping, the water standing at the same level in the do<>k as in the basin, namely, *27 ft. aiiove the 
sill and 30J ft. alx)ve the floor of the dock, the sluice K Ijetween the two pump wells is closed* 
Fig. 188G. and each pump has then a separate suction from the main culvert of the clocks, and 
discharges indc{>eudi*ntly into the basin ; but lx>th pum{js are driven at the same velocity by the 
engine and first motion shaft. This continues until tJie water is lowered the first lialf depth of 
1,*) ft. down to the brood altar level ; the suction of the up(>er pump from the main culvert C is then 
closed by the sluice L, Fig. 1887, and the sluice K betwcHJii the two wells is opened, so that the lower 
pump drawing from the main culvert discharges into the suction of the upper pump* which in its 
turn discharges into the basin. 'I'lius, although the total lift for pumping incToasr^s from zc^rotip to 
30^ ft., each pump can be proportioncjd os regards both size and velocity for a lift increasing from 
zero up to only al^ut 15 ft. 

With this anrungement the average discharge a minute for each pump, as the water fidls 
through successive depths of 5 ft. from the highest level, was estimateil to be as folhiws; — 

1st 5 ft., pumps making about 70 revs, a min. discharge each ^45 tons a min. 

2nd 5 ft. „ „ 80 „ „ 200 

.3rd 5 ft. „ „ 94 ,. „ 147 

The total quantities of water to be discharged for emptying each dock through the successive 5-ft. 
depths are about as follows ; — 

1st 5 ft., 0,300 tons, occupying 26 min. 

2nd 5 ft., 5,980 „ „ 29 *, 

8rd 5 ft.* 5,720 „ ,, 39 ^ 


Total 18,000 ions, occupying 94 min. 


C/onscqucntly the do(*ks would be emptied Uie 15-ft. depth down to the broad altar level in less 
than 1 J hours, when the two docks are being pumped out together by the pair of pumfis. 
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The quantities of water to be discharged for emptying the lower half of each dock through 
successive 5-ft. depths are ; — 

let 5 ft., 4,600 tons, occupying 38 min. 

2nd 5 ft., 4,200 „ „ 41 „ 

8rd 5 ft., 3,200 „ „ 44 „ 

Totol 12,000 tons, occupying 123 min. 

The discharge of the two piunpa together through this lower portion, was estimated to bo equal to 
the discharge of each of them separately through the upper portion, making the time almut 
2J hours for emptying the lower half of the two docks from the broad altar level to the bottom of 
the docks. Thu total time for emptying the two docks is thus 4 hours. 

The sluiccst with the exception of two, are single faced, of cast iron, with gun>metal faces. 
Figs. 1886 and 1887. The hydraulic cylinders by which the sluices arc worked are proportioned so . 
that any sluice may be raised or shut in about two 

minutes ; the cylinders are lined with copper, isss. 

and are doubkvacting. Wherever the height 
above the licad of the sluice is limited by the 
ground level, the hydraulic cylinders are placed 
horizontally underground, and the sluices are 
then w'oightc^d sufficiently to shut them against 
the pressure of the head of water. Where the 
pressure from the head of water in the culverts 
may bo in either direction, two separate sluices 
are used in the same well, with their faces in 
opposite directions ; excepting in the case of the 
sluice K* Fig. 1886, between the two pump wells, 
and also the one situated at L in the branch 
suction culvert to the upper pump, where special 
nn<l somewhat novel arrangements arc adopted. 

The sluice at Ti, in the branch suction culvert 
to the up()or pump, is ma<le with two parallel 
facias, witli a small clearance between those and 
the iron frames Attexi in the masonry, in onler 
that it may go down easdy into its place ; the 
piii'joint in the rcxl working the sluice is also 
made with a similar clearance, to that the sluice 
dixir is friK^ to close tight U(>on the face against 
which the pressure foices it. By this armnge- 
ment considerabh* (‘couomy is clTcK^toil, as an addi- 
thiiial ram is saved, and there is also loss cost in 
the manufacture of the sluice thus made than in 
making two independent sluices. 

The sluice K, betwtHiii the pump wells, is made 
of a wtdgo sha|)e, 6tted with hard w^ood <m the 
b<»uring surfaC4!s, resting on granite facings. * The 
hydraulic cylinder for this sluicx) is horizontal 
and single-acting, the weight of the sluice being 
sufficient to close it. 

For drainage pur|)oses, a separate well is pro- 
vided at M, containing two bucket-lift pumm of 
20 in. diameter and 33 in. stn»ke, worke<l by a 
small (»air of engines with 14 by 18 in. cylinders. 

These are almost cotistantly at work for pumping out the water leaking into the emptied docks ; a 
jMiir of Hluioos at N N, workoil by hand, admit the water from the branch suction culverts A A to 
the drainage well M. Thes<' pumps also give the ineaiis of emptying the two main pump wells, so 
that the main pumps can bo left dry and accessible at oil times when they are standing. Self- 
acting ilap-valves oi>ening outwartls, made of wchxI and leather, are placed at P P in each of the 
main discharge culverts, for preventing the discharged w’ater from returning into the pump 
wells. 

pyUOMETEE. 

Ill nearly all the (processes connected witli metals and their alloys, constant reference is made 
to the tempemture at which certain oiierations have to be performed. The instruments used for 
olmerving these Umiperaturos are known os the thermometer, or measure of heat ; and the pyro- 
meter, or measure of Ere. 

The first is employed for all temperatures up to that at which mercury boils ; the second is 
more {mrticularly ustnl to asccTtain those higher temperatures in which the nature of a thermometer 
will not allow of its direct use. 'I'lio thermometer deals with a ran^ of heat comparatively easy to 
register and ol>servo, and roliahle instruments may now be obtnirwKi, regulated to an extreme 
degr<H) of precision. Although much ingenuity has boon employed in the construction of pyro- 
meters, great doubt is felt with regard to their accuracy, more particularly at very high tempera- 
turcMi. There is yet room for improvement in this respect, as a delicate mui reliable instrument 
for the ob^rvation of high temperatures would bo of great sorvioo to soientific men and manu* 
facturors. 
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In roeasimiig tho^melting-pointa of metals, the temperature must be taken just before melting 
takes plaocL because at tbe moment of liquefaction a certain quantity of latent heat is absorbed, 
and beyond that point the temperature of the melted metal might rise considerably, and make the 
observation incorrect ; as a thermometeT cannot then be directly applied, a pyrometer is em^oyerb 

Numerous pyrometers have been devised by utilizing tbe expansion of air from heat. This is 
the principle of the pyrometers of Schmidt, Petersen, and Pouillet. Wliere these instruments 
can be conveniently applied, they are capable of yielding fairly accurate results. 

The final indications of this kind of pyrometer -will of course bo arrived at by the laws of 
expansion of air and gases by heat. Rognault gives the amount of expansion of atmospheric air 
heated from 32® Fahr. to 212® Falir,, as *3065 or *3670 on its original bulk at 32® Fahr. 

Wedgwood's pyrometer was founded on the proj>erty which clay jxjssesscs of contracting at high 
temperatures. The ap|)aratus oousisted of a metallic groove, 24 in. long, the sides of which con- 
verged, being half an inch wide alx>ve, and three-ten tlis of an inch l>elow. Tlie clay was made 
up into little cylinders, or truncattai cones, which fitted the top ojKuiing of the grdovo when they 
had been heated to redness; and their subsequent contraction witeii still further hc itiai was shown 
by their sliding gradually down the groove till they arrived at a part of it thmugh whicli they 
could not ]^>as8. 

This measure of heat is no longer cm])loyed bv scientific men, as its indications cannot be relicTd 
upon, owing to the variations in the quality of clay ; but there are times when the principle 
involved in its con.struction may he of use for rough approximations of high temf>emture. 

Wedgwood dividetl tbe whole length of the groove into 240®, each of which, he supposcid otjual 
to 130® Fahr., and he fixed the zero of his scale at the 1077th degree of Fahrenheit's thcrmonieter. 

He assumeil that the amount of contmctioii of the clay would lie always pro|)ortionate to the 
degree of heat to which it might have l)een exposed. This is erroneous, for it is found in praclieo 
that a long-continued and m<>dorate heat will cause the clay to contract to an equal anioiiut as a 
tierc-cT heat applied for a short jieriod. 

Another pro<jf of its inaceunn'y is to be found in the absolutely impossible tompenitures 
reconled in some chemical Ixx^ks as l>eing obtained by this instrument. 

Since the invention of the alxive in 1782, a number of other heat- measurers have l>cen 
constructed, of which we describe the most useful and itdiable. 


The great majority of substances expand when beateil, more 
particularly the metals, and stool vrlicu heated expands more when 
tempered than when not temi>ered. 

In Danieirs pyrometer, the temperature is measured by the 
expansion of a metal rod, enclosed in a case comjiosed of black- 
lead and clay, in fact, of the same composition as n plumbago 
crucible, in which is drilled a hole of an inch in diameter, and 
7^ in. deep. Into this hole the cylindrical rml of sf»ft iron or 
platinum of nearly the same diametcT, and 6} in. long, is intro- 
duced, so as to rest against tho solid end of the hole; and upon 
the outer or free end of the metallic rod re.sts a c^dindrical piece 
of porcelain, called the index. Wien tho iihslrninent is JuahMl, 
the metal, expanding more than the case, pressc-s the index forward, 
which, by inetins of a w'ctlge, is kept in the fiosition to which it 
has been forctsl, when tiie instrument is n*tiioved from the funincc 
and (VKded. A scide is then attcu^bed to mea.surc ttie precise extent 
to which the index has lieen pushed forward by the mi tallic rrsl ; 
it thus indicates the difference between the cdongution of tko 
platinum ro<l, and that of the black-lead case which contains it. 
For its indications to be absolutely correct, it is necessar)' that the 
rod and the case should expand uniformly, or both vary at the same 
rate. 
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A very inconvenient circumstance attending tho employment 
of this instrument is, that no indications of tcm|>erBtiire can be 
obtained by it until it is removed from a furnace. 

Gauntlett'a pyrometer is constructed on tbe principle of observa- 
tions made upon the difierential f'xpaiision of rods, or tubes, of 
brass and iron. This citunoi bo relied upon beyond a point ap- 
proaching red heat, at which permanent elongation of the inetaLs 
sets in. 8uch pyrometers are witbin limits, however, very unefijl, 
and several varieties are made, of which two are illustratcfl, Figs, 
1890, 1892, the former showing Carsatelli’s and the latter IlnilcyV 

The instrument made by Cwrsatelli, Fig. 1890, consists of a tube 
a of iron or other metal, screwed at «me end into a mental cone h, 
having through it a nuinlier of transverse^ holes c, and at the other 
end to a fianged socket d, and inside the tube a there is a second 
or smaller tul^e of metal, the ratio of expansi.on of whicli by heat is 
clifiereut from the outer tube. This inner tube e is alisi screwed 
at one end to the metal cone 6, and has « ’ le other end transverse 


boles/, and a plag g, into which is one end of a rod A, 

which passes through a stem i, sore ..JjMstwl to tho flangexb 

socket on tlie top of the outer ^ ““-.rwanls hold 

is fixed a_ case provided with T 37 . .. ,,J,or end of tlsii^ 


holes /, and a plug .9, into which is 
which posses through a stem t, sere 
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the nut A ; and U> this stem • 
4 is in contact with a small 


is fixed a case pmvidetl rriih ^ «her end of 4 is in contact witti a small 

bh*k n, pivo^l to an arm “« »ira„t or H««SMn.t p, gearing into a pinion on tho 

spindle carrying tho index '>**»« P««P Mtnred up or down, noeording to the 
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or oontmction . of tho tubca of raotal^ it motion to the toothed quadrant and pinion, and 

consequently to the index band. Tho liot blast is prissed through the instrument by inserting tho 
cone b into the socket of the plug of the tuyewj-tube, or other suitable place, the current passing 
through tho inner tube through the boles at tho top, between the inner and outer tu^s, and out 
through the holes e in the cone. The outer tube a has a cover of wood, or other non-conducting 
matcriaK cmcirclwl by felt or cloth u for preventing the radiation of heat from the instrument, and 
enabling it to be haiiflhd comfortably. 

In W. H. Bailey's pyrometer. Fig. 1891, an attempt is mode to preserve a portion of the length of 
the rods employed non-iiyrometricttl, in order that when it becomes necessary to pass the stem of the 
pyrometer through Virickwork, as in tho case of a furnace, that portion of the shim which is actually 
in tho heat shall alone bo utilized for pyrometrical purposes; thus a more accurate indication of 
the heat is ohtainoil, and tljc {lermaneut expansion of tho materials reduced to a minimum. 
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Arrangements are made to return the index finger to zero when required, and there are also two 
hands, «meof which rmikes a complete revolution ft»r evt‘ry degret‘ indicated by the other, and tliiis 
at « very revolution of the smaller hand tho larger hand will only move one degree, but in its 
whole revolution will indicatt^ the total heat. 

Ill Fig. 1891, A is a wrought-iron tulxj, p^ing through the brickwork B, and liaving a brass 
or copiwr tube C, screwed in on tlio other side of the brickwork. L> is a common wrougbt-iroii 
rial iHiniicctod witli a niiodrant at (»ne end for actuating the index spindle, and w'hich rod, being of 
tlie same material as the tul>e A, only that |>ortion of its length which extends beyond the mouth 
of the tills) A, into the fumaee or oven, has any influence in indicating tho temperature of the 
furnace or oven, by the difference in its ex[>aii8iou as comparc<l wdth the brass or copper tube C, but 
any other materials which expand uneipiaUv may be employed, either in the form of rods or tubes, 
provided that the tul)e which passes through the brickwork is compensated for, by au inner tube or 
ro<J of the same material and length ns Ui«* tube or raising A. 

In Figs. 1892, 1893, E is the index spindle carrying tlie index band F, disc wheel G, and mill- 
headed knob II, all firmly seourcnl iqion the spindle. I is a tootiied pinion combined with a 
ratchet wheel J, which is inounttd hxwtdy upon the spindh* E, but is compelled to turn with it in 
one direction by the a]>plication of a spring pawl K, mounte«l upon the face of the disc vrlieel G, 
and taking into the teeth of the ratchet wheel J ; the pinion I gears with the ordinary toothed 
quadrant I,, which is connected with the internal tube or roti, upon the expansion of which, as 
com|>ared with the exierncu tube, the indicating depends. This pinion acts utou the spindle E as 
if it was flxetl thereupon, but if, tlrrough permanent expansion of either of Uie differently expanding 
materials omploycMl, the index finger F fails to return to the shirting-point, by turning the knob or 
handle 11, the spindle may bt) turned in tlie direction of the arrow without affecting the position of 
the pinion, as the spring pawl K permits the disc wheel G b> turn independently in that direction, 
and thus the instniiuent may l>e iidjuste<l to the greatest nicety. To ascertain the fractions of a 
degree of temperature, a t*K»thcd wheel M is fitted to the spiudle E and gearing wmi a pinion N 
turns a poiiite<l hand O, indicating upon a smaller dial. 

MacDonahrs pyrometer is a metal or porcelain tube, filled with anljydwiis nitrogen, and com- 
biiieii with a Bourdon gauge, providt^l w'ith suitably graduated dials t(» indicate tho teinpi rature. 

Maiei^s pyrometer consists of au iron tul>e enelosing a oirntral rod or axl^• rtaiiul which a spiral 
roetiiUio ribbon is wound, one end of tho axle l>eing fltieil to the tube. During the process of 
heating ttio ribbon is unwound, and causes the rotation of the central rod, which communicates tho 
rotary hiovt^ment, by suibdde mechanism, to Urn pointer moving over the dial. 

In Hieinle and Ilartnng's pyrometer three tubes* are arranged, one within the other, the two 
inner tubes being perforated throughout their entire length, and supporting the usual dial and 
indicator. The iiiiior tub«)s also projcjct beyond their covering. The centre rod is formed, for some 
port of ita length, of a oolid etiok of gmphito. As wwn as this is aj.pliod to heat its li-ngih is 
altered, and an indication of the same transmitted to the dial. Meaus are provided for regulating 
tho position of the pointer. 



956 


PYR0MBTEE8. 


The principle of the measurement of high temperatures founded upon the jjnantity of heat 
imparted to a given bulk of water, at some known temperature, by plunging therein a heated body, 
is that upon which Wilson’s pyrometer, Figs. 1894, 1895, is based. 

The instrument consists of n copper vessel A, capable of holding rather more than a pint of 
water, and w’ell protected against radiation by having two double casings around it, the inner 
containing air, and tJie outer filled with felt. A gootl mercury 

thermometer B is fixed in it, having in addition to the ordinary isw, 

scale a small sliding scale C, graduated and figured with 50° to 

of tlie thermometer scale; there is also provided a cylin- 
drical piece of copper D, accurately adjusted in size so that its 
total capacity for heat shall bo V^ith that of a pint of water. 

In using the pyrometer, a pint of water is measured into the 
copper vessel, and the sliding pyrometer scale C is set with its 
zero at the temperature of the water, as indicated by the mercury 
tliermomoter B. Tlio piece of copper is then attached to a piece 
of wire placed in the substance, the temperature of which it 
is wished tc ascertain, and is allowed to become heated for about 
two minutes, when it is quickly dropped into tiio water in the 
copj>er vessel, and raises the temperature of the water in the pro- 
portion of 1® for each 50® of temperature in the copper ; the rise 
in temperature may be read off at once on the pyromett-r scale, 
and if to this is added the actual temperature of the water, as 
shown on tlie scale of the mercury thermometer, the exact t^- 
peruture is obtained. This pyrometer is found to be more 
accurate than others for such temperatures as w'ill not melt 
platinum; for still higher temperatures a piece of platinum 
would be used instead of copper, and the instrument would 
then be available up to the highest temperature that platinum 
would stand. Of course this instrument cannot be used for 
taking observations in inaccessible places. 

Another mode of utilizing a thermometer in measuring 
high temperatures approximately is Main’s pyrometer, shown 
in Fig. 1896. Here D represents a hot-blast pipe, and A the 
apparatus, which consists of three concentric cylindrical vessels 
of copixjr or brass. In the inner chamber a delicate ther- 
mometer is placed, and the hot blast conducte<l by the tube C 
from the pipe D circulates through the st‘Cond chamber, passing 
out by the tapered nozzle E. The outer space is fille<i with a 
substance of low conducting power. 

The temperature indicated by the thermometer does not, of 
course, represent the actual temperature of the hot blast ; but 
to ascertain this, it is only necessary to insert a me tallic pyro- 
meter in the hot-blast pipe D, and compare the relative itidica- 
lioiis in order to fix a ratio. Any ratio de.sired may l>e obtaine<l 
by a simple adjustment of the boro of the tapered nuzzle. When 
the object is only to regulate the h.^mperature of the bla^t this 
adjustment is not requircKl, it being sufficient to note the 
degrtK^s indicated by the thermometer when the blast is at the 
ordinary working temperature, and thereafter maintain it at that 
point. 

In Tremoschini and Irion’s pvromeler, a fire-clay tube is 
introduced into the beat, and the hot air conducted from it into 
a copper tulje, contiguous to which a sensitive metallic ther- 
momeUr is placed, this latter l^ing so armnged that its dis- 
tance from the copper tube is adjustable. If the thermometer 
is placed at such a dishince that it always shows a particular 
degree of heat, then the temix^rature to bt*. measured c^irresisjnds 
to the square roots of the distance between it and the copj»er tulx;. 

The eloctrif^l resistance of metal conductors depends u{>on their dimensions, material, and upon 
their temperature ; an increase of the latter causing a oomrspondmg inerfsase of r^^Mistanc.e. The 
law of this increase is known. Thus, the resistance of a conductor being ascerUine<l at 0® Ctmli- 
gnwle, it carH>e calculatetl for any temperature, and. vice versa, if the rcsisianc^e can Ije found by 
measurement, the temperature can be calculated. And this is the principle u|joii which Biemens’s 
electrical pyrometer, Figs. 1897, 1898, is l)amtd. 

A platinum coil of a known resistance at 0° Centigreule is coiled on a cylinder of firtvelay, pix>- 
tected by a platinum shield P, which is p]ace<l in an iron or platinum tube, and then cx(K)sed lf» Uio 
temperature to he deU^^rmined. Leading-wires / / are arrangixl to connect this coil with an instru- 
ment suitable for measuring its resistance, and from this resistance the tcnujierature can Ijtt ctiloti- 
lat# d. These leading-wires can be brought from the furnace into an office, where the temi^eraturo 
could be read off, and recorded os often as re<]uired. 

The resistance-measuring instrument supplied fi»r tlic piii7»ose is a differential voltameter. This 
consists of two se^wirate glass tnbt^s, in each of which a mixture of sulphuric acid and water is 
decomposed by an electrical current pf^sing bt;tween two rdatinurn elecirodes. The gas which is 
generated is colU^^ted in the long cylindrical and carefiilly-oaUbred top of tho tube, and this 
quantity is read off by means of a graduated scale fixed behind the tubes. 
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Movable reservoirs are provided, communicating with the tubes, to reflate the level of the liquid. 
The current of the batterv is divided by passing a commutator into two circuits, one of whicii consists 
of an artiflclal resistance in the instrument and the platinum electrodes in one tube ; the other, of the 
resistance to be measured and the electrodes in the other tube. The quaniitios of gas developed in 
the two tubes are in reverse proportion to the resistances of their respective circuits, therefore one 
of the resistances, namely, tlmt in the instrument, being known, the other can be calculated. 



The makers give the following directions for use ; — ^Fill the battery glasses with pure water, or, 
in case of the power of the battery decreasing, with a solution of sal-annmoniac in water. Connect 
the i)ole8 to 11 and B* on the commutator. Kxpe^ the small end of the pyrometer tube, as far as 
the cone, to the heat to be measured, and connect the terminals X, X^, C, on the voltameter. 

The ditferential voltameter is to bo filled with the 
diluted sulphuric acid through the reservoirs, the india- 
rubber cushions being lifted from the top of the tnlx$s. 

The commutator is to lx» turned so that the contiict- 
springs on botli sides rest on the ebonite. The liquid in 
l^th tubes is to bo regulated to the same level, 0° of the 
scale. Rud the indiarubber cushions to be let down again. 

The commutator is then given a quarter of a turn, and 
the development of gas will c/immouce almost imme<!iately. 

The commutator is turned half round every ten seconds 
to reverse the current, which is kept |>a8sing until the 
liquid has fallen in the tubes to at least 50^ of the scale ; 
the commutator is then put in its first position, so that the 
contactosprings rest on the ebonite; the level of the 
liquids read off on the scales marked V Y, and the scale 
marked V' ; and these numbers found in the table. 

The intersecting ix>int of the linos starting from these 
figures gives the resistance of the exposed coil in black, 
and its temt>Grature in red figures. 

A satisfactory method for some purposes is to use 
alloys and metals whose moltiug-points bad been previously 
deii^rmined, and E. Buchner has designed an apparatus, 
in order automatically to register the exact moment at 
which a given alloy melts in tlie interior of a furnace. 

It consists of a vertical tube of rofraotory material, which 
dips deeply into the mufHo; inside this a small crucible 
is hung from a scale beam abi>vo ; in the botV>m of the 
crucible is a liole, so tliat when the alloy melts it runs 
through into a dish suspended underneath. This causes 
the scale beam to rise, and the motion of the beam, by 
electrical oontuct, rings a bell, and marks a dot on a 
sheet of paper travelled by clockwork ; this registers tlie exact time at which the melting-point 
is reached. The molted metal can bo lifted out and proservod for future use. 

HOAD LOCOMOTIVE. 



Amongst the oomponent parts of a road locomotive or traction engine, the driving wheels perfonn 
the most important functions. They may be ohissified under the heads of elastic, fiexihle, and rigid. 

An elastic wheel is one which is sumoiently resilient to answer the purpose of bearing springs, 
but its oironmferenoo does not necessarily deviate from a circular form by the pressure of the tread. 
A flexible wheel is one whose treading face suffers a material change of form as it rolls along, and 
in addition to the fUculty it possesses of acting as a spring, it has a large portion of its periphery 
continually in contact with the gmiind. Adam’s road whool, Fig. 1907, and Mackinaer's road 
wheel are elastic, but their rigid tiros cannot deviate from the circular form. Thomson’s india* 
rubber wheel. Fig. 1899, and Bremmo’s steel tire whfM>1, Fig. 1911, are flexible, as tbeir tread 
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yields as tlioy roll along. Therefore, an elastic wlieel merely answers tlio purpose of bearing- 
springs, and does not practically increase the bite; while a flexible whecd forms a spring, and also 
increases the adhesion. All other wheels are classed as rigid, because they do not yield to the 
inequalities of the road. 

The adaptation of locomotives to common roads has. for the last fifty years, been a matter 
of continuous experiments, accompanied hy m tny failures. Tliat it is diflloult to design a 
locomotive which shall work as well on the higiiways as thousands of similar engines work on 
rails, is shown by the fact that during half n otmtury many of the best mechanical engineers, have 
from time to time, made road locomotives and experimented with them ; and yot, even up to the 
present, with one or two exceptions, they are unable to produce mon* tlian an approxi mated y 
perfect road locomotive, either for passenger or for ordinary goods traflic. The farmer’s engine 
is the only typo which has, as yet, given any really satisfactory results. 

The following t<d>le, compiled by John Head, partly from data by Crompton, and piirtly from 
other sources, will sliow the resistance of smooth, rigid w'heels, in lb. a ton, on ditferent surfaces : — 


On very good pavement lb, 

„ good macadam flO „ 

„ ordinary maciidam ih) 

„ newly-laid gravel -dO 

„ soft grass land ‘idd 

„ newly-laid metal -lid,, 

„ a well-laid railway with moderate gnulieiits 8-10 „ 


From which it apjjears, that even when the road is in the bi^st order, the rtdling resistance is alx>ut 
eight times that on rails. With the road in an ordinary state, it is from ten times to twelve times, 
while, on newly-laid metal, the rolling resistance becomes nearly fifty times tluit on rails. As almost 
all roads contain inclines of 1 in 20, or 1 in 30, and as many'of them contain inclines of 1 in 10, 
it will be seen that the actual pull, required to move 1 ton over many poritoits <»f macadamiziHl 
roads, amounts, in some cases, to more than 100 times tliat on a railway with moderate gradients. 
The difficulty of obtaining sufficient adhesion, and the wear anti tear causetl by rigid wheels with- 
out springs, have, from time to time, led to the trial of various devices for ovtfreoiuing these defects ; 
but extendi experience seems to show, that a rigiil wheel, with wrought -iron diagonal bars on the 
periphery, is the cheapest driver, and that, in many eases, it is siiffiou^ntly reliable for the class 
of work for which road locoratdives are usually ret|uired. At Uu‘ same time, a gre»it deiiiauti exists 
for a reliable flexible wheel, for use under certain circumstances where the rigid wheel is almost 
useless. 

The different types of wheels are classoti by Head as follows ; — 

For farm engines, used for thrashing, untl for hauling light loads on an estate, steam ploughing 
engines, passenger engines, and for light loads at high siieeds, rigid wheels ami, in some instances, 
clastic wheels should be adojited. 

For engines deoigned to ascend very steep gradients, and for engines used for hauling heavy 
loads on causeways or stone pavements, flexible wheels are retpiirid. 

The following is a description of some of the princi|)iii dri vmg wheels which have Uh'II 
designed ; — 

TJie first wheel which came into extended use in traction engines was U;rmc<I Hoydi ITs emlb ss 
railway. It consisted of large, flat segments of rails, *«> joint«*il round the wherl, that it ran on a 
species of ^^on tin nous tramway. Figs. 1833, 1300. This whetd was introduced in 18P1. for fncilitatiiig 
the draught of ordinary carriages over soft ground, by means of an extemUrd beai ing surface, which 
prevented the wheels sinking. It wa.s iMirtially used for that pur|K>.-*4i fur sevt*r.il years Ixdore it 
was projKjsed to adapt it to a lo<?oiuotive. One of the prineifiul uhjtK'ts tin- iuveiit#jfr wished U> 
attain, was tlie transport hy steam of artillery over roads jmpansablo by horses or oxen, li«>y<Je]| s 
wheel, when tried, gave the must satisfactory results us regaids the increase of adh<‘stou, and it WaS 
shown that it could run with facility over soft land iJ|Km which a horse could not iiu»>ve a light cart. 
Tiie great surfiice of tlio shoes in contact w ith the ground, eiiablcnl ti to haul gnrai weights over 
)x>gs, and to perform many other feats, which ijuickly brouglit the engine into notice. Indeed, itii 
pulling pow'er was so great, timt a single driving wheel gave more than siiflicieiit bite for ail 
ordinary hauling work ; and, consequently, several engines worn coiisirucie*! with oulv one side 
of the machine fitted with the travelling trams, a gr>od plan to save exiiense, but one C4iIoalaiod to 
destroy the general efficiency of a locoinutive, as its facility of steerage is thereby much impaired. 

Boydcdl’s W'heel clearly proved that a large surface in contact witti the ground tende<i to an 
increase of efficiency, but at a great outlay of weiu’ and tear. There was no elastic mcslium to 
deaden the concussion, and the wliole apparatus went c.lattirring along, an extraordinary combination 
of inharmonious mechanism. However, the arrangement was continued for many yi'ars. 

Home short time after Boydell had brought his engines into public use, and when the gnmt 
advaiitiig^ of increase<} ailherioii bad btjcome clearly known, Bray, of Kent, brought out his spudded 
wheel. Figs. 1301, 1302, by means of which it was ho|ied to gain sufficient ailhesioii, without com- 
plexity and liability to breakage. Bray’s wheel had a rigid tire fitted with short, slrimg spikes to 
dig into the rriad surface as it roiled along. Tiiese spuds Ci»uld, by an i cceiitrir, U* drawn in below 
the wheel surface, so that it then ran with merely a smrK>th tire, but when they wort* pnqoote«l it 
was a rigid spiked wheeL The bite of such a wheel on cobble-stontsi, between which the spuds 
inserted themselves, was equal to cog-gearing, and on macadam the |ieculiarly shaix^l spuds inserted 
themselves into the surface of the road, and produced a similar effect, but to a smaller extent. 
This plan answered well for some roads, but it was evidently not suited for gcfiieral use on aocotint 
of the damage done to the highways, and the continued breakages in the njechanistn of Uie wheels, 
caused the unequal siriitiis on the connec^tiiig rods of the spuds. 

H. W . Thomson, of Kdinburgli, in 1807, constructed a wheel oousisiing of a very light wrought* 
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irou driitUf 4 ft. diameter, by 15 in. wide, with flanges, 1 in. high, on either side. Outside this drum 
was stretched a flat indiarubber band, or tire, 12 in. wide by 5 in. thick. The wheel ran with the 
indiarubher in contact with the ground. It was found to slip on damp roads and greasy mud. 
To obviate this, Thomson covered the indiarubber tire with flat steel plates, or shoes. These were 


1899 . 1900 . 



ttimiKl over at the ends and joino<l together by ordinary flat links, as in the upj>er parts of 
Figs. 1003, 1004, some of whicli were of different lengths, in order to com^ieusate for the elonga- 
tion of the chain by wear. This species of armour was very troublesome, owing to the continuous 
breakage of the liuk pins, and the , 


diflloulty of keeping the tiro in its place 
unless the shoes were very tight. 

Another system of jirotectiug the 
indiarublier tire was invented by Thom- 
son, and improved by Burrell, it is seen 
in the lower parts of Figs. 1903, 1004. 
Ill this case the steed {dates touch each 
other outside the tire, and tajicring at 
the ends, are turned down so as to lap 
over and edip tho angle iron rim of the 
wheel on both sides, thus {lermitting tho 
indiarubber to rotate, but {jrc'venting it 
from coming off sideways. The shoe is 
kept in jxisition, on one side, by a plate 
fastened with two screws. This arrange- 
ment enables any one shoe hi lie dis- 
oonnectiHl without taking off all the 
rest. Tho system has been found to 
work well in practice, but ex{>orience has 
not yet shown what will bo the wear 
between the cliiis at the end of tho 
shoes, and tho at^lo iron of tho wheel. 

Avoling and Oreig’s improved shoe, 
Figs. 1005, 1000, fonne<l of a strong plate 
turned over at both ends, eacn side 
finishing in tlie form of a hook which 
was attached to a loop at the end of a 
wrought plate sliding on tho edge of 
the rim of the driving wheel. The shoos 
were fixed to the rim of the wheid 



instead of rotating with the tire. This description of shoe has been attached to several euginea 
manufactured by «lohn Fowler and Co., and has been in work for some time. It remains to be 

S Hived how the indiarubber tiro will wear, when rotating inside the annular sptuie formed by the 
xed shoos and the outer surface of the wheel. 
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Much difficulty wfus experienced in the early tnals of Thomaon’s wheel, owing to the convexity 
of the road forcing the indiarubbiT tiro over the angle iron, thus necessitating guards to keep it 
in place. The shoes just described will not allow any play in the tire, but nevertheless a gn^at wear 
and tear is continually taking place through the outward lateral pressure of the indiarubber. 


1903. 



1904. 



A very curious feature was discovered when working the indiarublx^r tire without shoes. The 
tire being loose on the drum, as the wheel revolves, a portion of the indiarubbi*r is continually 
rolled out to the leading side, where it accumulates until, when running fast, the tiro becomes 
several inches clear of the drum, and as this excess of indiarubber increases, it gradually est 


1909. 



by working its way upwards, passing backwards over the top of the wheel. When an indiarubber 
tire is working without shoes, at a speed of 8 miles an hour, there is a much greater amount 
of indiarubber on the leading side than on the following side of the wheel. On the lei^ing 
side the excess of indiarubber accommodates itself by bagging out, white in the rear it is in a 
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state of tension, and tightly grips the iron wheel From this action the indiambber tire is 
continuously working round with a reverse motion to that of the drum. The rate of this motion 
depends upon the tightness with which it was originally stretched, its density, its thickness, and 
the weight on the wheel. If the wheel is very lightly loaded, the tire will scarcely move, while if 
it is heavily compressed, a great portion of it is rolled out towards the front, and the amount of the 
reverse-action becomes very gi^t. Under ordinary circumstances the tire will move once round the 
drum in from SO to 40 revolutions. It is evident that friction must take place in the indiambber 
tire, from its contrary rotation round the iron drum, and also from the continuous change of form it 
undergoes. No experiments have, however, yet been made to determine the amount. 

It appears certain that if indiarubber is used as a tiro for the driving wheel of a road locomotive, 
it must be used in the form of a ring, and allowed to rotate. All experiments hitherto made for 
attaching it in blocks with cement to the periphery of the driving wheel, or of putting it on to the 
wheel in segments and fastening it by means of slings, have failed. 

The indiambber tire bas the great advantage of being a perfect spring to the engine, and it 
forms a safe and sure brake. On good macadam its resistance is more than that of the rigid wheel, 
and on a rough or newly metalled road, owing to its great surface, it does not sink below the tops 
of the stones, while the rigid wheel consumes a great amount of power from sinking into the surface 
of the road with a crashing and grinding action. Over paved roads the indiarab^r wheel, or any 
other er^ually elastic wheel, is decidedly superior to the rigid wheel, owing to the increased amount 
of surface of adhesion ; in fact, it has found that a flexible wheel is almost indispensable for 
all steam tratflo on such roads, even with moderate gradients. 

One of the principal drawbacks to the use of indiarubber tiros is their great prime cost, which 
appears likely to increase instead of to diminish ; also, the impossibility of finding a market for the 
sale of the wom-out indiarubber. With respect to their wear, much difference of opinion exists, 
but it is impossible to form auy correct formula for depreciation, owing to the paucity of the 
experiments hitherto conducted. 

It is evident that, if the thickness of the tiro is materially reduced, the x>ower of the indiarabbor 
to bear the engine easily is diminished, consequently a greater strain is brought upon cMich cubic 
inch of rubber than it is calculated to bear, thereby lessening the value of the tire as a spring to 
the engine. 

Much may be said in favour of Thomson’s tires, but the difficulties of protecting the indiambber 
in a pf*rmaiiently satisfactory manner, coupled with the uncertainty of its action under peculiar 
circumstances, have to a great extent arrested its employment for the driving wheels of road 
locomotives. 

Adams’ road wheel. Figs. 1907, 1908, is purely elastic, and consists of an ordinary centre and 
armSf.having a heavy X -iron rim, between which and the outer flat tier are inserted treading blocks 
of indiarulmer, about 2 in. thick. 

These blocks, along with the 
rim of Uie inner part of the wheel, are 
kept in position by means of two 
angle irons riveted to the outer ring. 

A drag link connects the outside tire 
with the X -iron ring. These wheels, 
of course, do not increase adhesion, but 
they act well as modc‘rate bearing 
springs, and give a gre^at relief to the 
destructive jolting of an ordinary rigid 
wht^l. They liavo been exclusively 
adopted by Aveling and Porter, of 
Bochoster. 

Mackinder’s wheel, Figs. 1909, 

1910, consists of an irtm dmm, sur- 
rounded by a scries of tninsverse springs 
a, formed like th(«so used for a railway 
truck, each AIUhI with an outer tread- 
ing shoe 6, sliding in guides. A set of 
these wheels, manufactured by Koboy 
and Co., of Lincoln, has mn for some 
time. 'The armngotnent is heavy, and 
it is said that the sliding shoes wear 
rapidly through contact with sand and 
mud. 

In Bremme’s flexible steel tiro 
wheel. Figs. 1911, 1912, tlie flexible 
tire is fomied of one or more rings, 

€Mich of which is coiistmeted of one or 
more bands of steel or gooil wrought 
iron. In practice, the bands are nw«^ of steel, from } in. to in. thick, and f^om 2} in. to 4 in. 
wide. The rings are fixed side by side, and aro protected against the road by slices or tread- 
pieces. To the tire ore attached an adequate number of arms or links, which make the con- 
nection between it and the central part of the wheel, that is, the arms or links projecting a given 
distance beyond the periphery of the central part, are able to support the lateral thrust or pres- 
sure which the wbeoi may be exposed to, and are free to adjust themselves radially to any curve iho 
elastic tire may assume under a dead load at the axle. 

In driving wheels, the central part rooeives notary motion, which by moans of the arms ia 

3 Q • 
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imparted to the tire. liVhen the wheel stands on its tread, tlie whole load, acting at the centre is 
suspended from the upper portion of the tire, while its lower ][»ortion is perfectly free to deflect and 
flatten against the road, thus fulfllling the function of a spring, and producing increased ooiiteMst 
surface with the road. These wheels have been fltted to one of Aveling and Porter’s 6 horse-power 
Bteam Sappers, at Chatham, and have been found to answer well. 

Naim’s rope wheel was designed to have all the properties of the indiarubber wheel, at about 
one-quarter the cost. It consisted of two layers of roj^, each 4 in. thick, coiled round a drum 
whe^, and protected by shoes on the 

outer surface. It was found in prao- 1909. i9io. 

tico that when the rope was coiled 
loosely enough to flatten at the troad 
of the wheel, to the same extent as 
indiamblxjr, the resistance became very 
great, through the tire being soft and 
not elastic; and the rope was soon 
de8troy*‘d. If tho coils were wonnd 
round as tightly as possible, the tire 
became almost rigid, and the wheel 
was not more efficient than one of 
wrought iron. 

Several passenger engines have been 
built in Gt. Britain for use abroad, 
constructed on R. W. Thomson's system, 
and nsualiy attached to a separate 
omnibus. Of these, one by C. Burrell, 
of Thetford, Was an excellent specimen 
of careful design and workmanship; 
but the most worthy of notice were 
four 14-ton engines manufactureil by Ransomes, Sims, and Head, for the Indian Government. 
Figs. 1913, 1914 give an elevation and half plan of one of these engines. They had cylinders 
8 in. diameter and 10 in. stroke, geared either 3*75 to 1, or 12 to 1, to 72-iu. driving wheels. 
The engines made 150 revolutions a minitti^ which gave about 10 miles an hour for the fast 
8pee«l, and 3 miles an hour for the alow speed. The boilers were vertical, on the Field system, 
the grate surface was 11 square feet, and the water surface was 177 square feet. The blast-nozxlo 


l»ll. 1912. 




had an adiustable cone, that the opening might be varied to suit either wood or ooal. All the 
rrvod wheels had Thomson’s indiarubber tires, with linked shoes ; the leading wheel had supple- 
mentary elliptical springs, so that the fore end adiipted itself easily to the inequality of the road. 
The engine drew a 65-passenger two-wheeled omnibus. These locomotives are the most powerful 
pasfKnger engines, and they have a large tank, and stowage for wood, so that they may run for 
15 miles without stopping. They were to carry mails and passengers between two sUUons in 
the Punjiib, about 70 miles apart. 

One of them, the Ravee, in October, 1871, made the doable journey between Ipewlch and £din« 
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burgh) a total distanco of 850 miles. The total weight of engine and carriage was about 19 tons. 
By the return journey the men had ample experience in working the engine, and the 425 miles 
took 9 days, giving 47 miles as the average distanco a day, and a speed of 6*9 miles an hour for 
the time actually running; but on the last day the average speed was 9*69 miles an hour, 
whilst occasionally a spe^ of from 15 miles to 20 miles an hour was maintained for short 
distances. 

Horse tramways are now laid in various parts of the world, chiefly in towns and their outskirts 
where roads are c^erately level, and where the gradients do not exceed about 1 in 50, or 1 in 40 ; 
but sooner or later, steam tramways will form a more general means of transporting passengers 




and light goods. In order to make an engine which would compote successfully with the present 
hftwl*kg© by animal power, it should be os light as possible consistently with the amount 
Head considers that a small engine, weighing from 3J to 4 tons when loaded, 
would be amply sufficient for drawing a tramway car of the present oonstruction. The outward 
app^aiioe should be sightly, and, as far as possible, similar in colour to ordinary vehicles running 
in the streets. The maximum speed should not exceed 10 miles ati hour. 

Several motive powers have been proposed for propelling street cars, and some of these, such 
as oomnressed air, ammonia, and carbonic acid, have been actually tried. Although these and 
other plans have been made to perform the functions for which they were designed, and might even 
under exceptional ciroumstances, it may be tidten for mnted that the usual means of 
working stieet tramways, by mechanical |K>wer, will be by oimnary steam engines made and 
specially adopted for street traffic. 
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The modes in which steam power has boen« heretofore, principally applied on tramways haye 
been, by means of a car containing the goods or passeagers, as well as the engine, running upon four, 
or more wheels, and by a detached engine drawing one or more cars. 

The first of these systems has been successftilly adopted on some lines in America, but it has 
the objection that the passengers do not like to be in such close proximity to the boiler ; and, if 
generally adopted, the existing tramway companies would have to purchase entirely now rolling 
stock. This principle of construction has, however, the advantage that the whole weight of the 
car, engine, goods, and passengers, can be utilized for adhesion in ascending heavy inclines. The 
second system permits, the use of all ilio existing rolling stock of the present horse tramway com- 
panies, with but little alteration, besides being more in accordance with the principle adopted on 
railways, and generally approved by the travelling public. 

With steam as a prime mover, &e difficulty is not how to supply the mere tractive force, but 
how to make the steam power so suited to street traffic that it shall not cause any annoyance. 
The main objection to on ordinary locomotive working in a street is the puffing blast, and various 
means have been tried to overcome this defect. First among them may bo taken the heavy-geared 
dummy locomotives of New York. These are fitted with fans, blowing air into the fire-box, 
driven by a donkey engine and belt The exhanst from the main engines goes into the tank, from 
wliich there is a pipe into the funnel. The donkey engine, however, requires continual attention 
from the fireman, w^ho has to vary its speed as the locomotive is ^ing un or down inclines, or 
proceeding at a fast or slow rate. Again, on the elevatecl railway in New York, a difibrent plan has 
been proposed to gain the desideratum of a silent engine. The exhaust as before, goes into the 
tank, from which there is a pipe into the funnel, but the furnace has a close asli-pan, into which is 
fitted Hanceck^s blower, consisting of a square funnel, into the wide end of which are directed nine 
jets of steam, each -j^ in. diameter, regulated by the fireman as the pressure varies. 

One of the best street tramway locomotives yet proposed is that designed by Ltconard J. TiMld, 
of Leith. It is, however, only intended for light traffic. The driving motion is placet! in a close 
box on the top of the boiler, so that it may to kept free from dirt and readily aocessible. Tho 
driving wheels are of the Mansell construction, 6 ft diameter. Tho cylinders arc doublet!, each 
5 in. diameter and 9 in. stroke, and the working pressure is 150 lb. a sq. in. The w'heelsaro fittc^d 
with steel tires, and motion is given to them by a single pinion and wiieel confined in un airdigbt 
case, arranged to give a maximum 8p€*ed of about 10 miles an hour. One of these lt)Oomotives for 
hauling a single 40-pa8Bengor car is calculated to give an cfToctive power of 12 horse-power, and it 
weighs when loaded 3} tons. An engine of the same eonstmetiou for two ciirs, with a maximum 
of 20 horse-power, will weigh 5 tons. A silent blowing fan is placed in diroed communic^ition with 
the close ash-pan, and one end of its spindle carries a bucket wiiecl, on to which the exhaust from 
the cylinder is directed through an adjustable nozzle. After thus driving the fan the exhaust 
enters the tank, where any water is deposited, and tho tincondensed steam escapes into the fnnneL 
A small steam pipe from the boiler is also attached to the fan easing, so as to drive the fan when 
the engine is standing. This apparatus, besides being silent, is self-acting, and it starts and stops 
with the engine. When going up an incline the hack pressure increases and the fan runs hist; 
when going down hill, the steam being almost shut on from the engines, the speed of the fan is 
very much reduced, and the blast in the fire-box diminished. The fire-box is furnished with 
water grate bars to prevent clinkers. A skid brake is attached to the engine as forming a more 
sure method of slackening the speed than by a brake on to tho wheels, and the handle on tho 
engine is connected with the brake to the cars, so that the fireman may have the control of both 
engine and carriages. 

A steam tramway car has been constructed by J. Orantbam, in which the carriage is about 
1 ft. 0 in. longer than the horse cars now in general use. It has two boilers on the Field system ; 
these are placed in tlie centre, properly lagged, so that the heat docs not ponctmie into tho body 
of tho car. The two cylinders are fixed undcmeutii tho fram€% and they are attached to the 
driving wheels in the tame manner as in an outsido-cylinder locomotive. The front wheels are 
placed on a sort of turntable fntme, and they can be steered by tlie driver. The tires of the largo 
wheels are flat, and the car is kept in position by foor small ^tde wheels, which insert themselvet 
in the grooves of the rails:. The driver sits on the front platform, where the levers for working the 
engines are placed, and at the end of the journey they are detached and ulaced at the other end of 
the car. The boilers are supplied with coal from a liop|>er at the top, and the amount is roguluted 
by a valve. The fire can be inspected from a door at the outside of the car. 

Much may be said res|xx;ting the cost of haulage of goexis by steam on common mads, bnt as 
no re^lar and continuous service bus as yet been organized, all data on this subject must be 
considered approximate. Head states, however, the exist of haulage Ity steam, as given in the 
following table, may be considered as appmximately correct, ihougb, owing to the continuous fluc- 
tuations in the price of labo^ and materials, it is difficult to form an accurate estimate. 

fl. If. 

Horses on common roads 6 to 12 a ton mile. 

Steam on common roads 3 4 ft 

Horses on tramway, if nearly level „ 8 „ 

Steam on tramway Hi* 2 

Steam on railway .. | „ 1 ^ 

Heavy traction engines did not come into general use until about 1850. One of tho first was 
Boydeirs engine. Figs. 1915, 1910. The boiler was constructed on the locomotive typo, with the 
cylinders on tho top, and the motion of the engine was transmitted to the driving wheels, which 
were pla^ behind, by a pinion wor^ng into a largo spur wheel fitted to tho rim of tho drum, 
Tho cylinders were doable, 7 in, diameter and 12 in, stroke ; tho driving wheels were 00 in- 
diameter, and were geared 12-1. 
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A large number of these engines were manu&ctUTed, and were found to pass easily over soft 
ground, and the great surface of the pciddlcs on the wheels enabled them to develop a high 
coefficient of adhesion. One of these engines made a journey from Theiford to London in 8 days, 
taking a gross load of 29 tons, but in point of speed and cost of haulage, the experiment was a 
failure. 

Between 1856 and 1866 a few on^nos wore fitted, in different parts of the country, with Bray’s 
spudded wheels. Those engines, when rurming with the spuds, pulled well on most roads, but 




they jolted so much that they seriously damaged themselves, and, in addition, materially injured 
the surfaces of the roads over which they ran ; besides which, it was found difficult at times to force 
the spuds out of their sockets when they were required to be put in action. One of these engines, 
weighing 15 tons, readily took a gross lo^ of 45 tons up a causeway incline of 1 in 30 ; the adhesion 
rorptirod to attain that result being 37 of Uio driving weight, an amount of hold which no smooth 
rigid wheel would give on a paved street unless assisted by special mechanism. 

Taylor, of Birkenhead, a conteinporanr of Bray, brought out a novel design of road locomotive, 
wliich ho called a steam cdophant. The engines constructed U|)od this design had double 
cylinders, cog-gear, and very large driving whoois ; the boiler was of the marine type, with return 
tubes. One engine, of 6 horse-power nominal, with cylinders of 5 in. diameter and 10 in. stroke, 
having 6 ft. drivers, and weighing 6 tons, was tested against a number of liorsos, by first ascertaining 
tlie greatest load it could draw, and then employing horses to accomplish the same task. It was 
found to pull as much as 12 strong horses. 

In 1869, Tennant, of Leith, designed a road locomotive. It had ouisido cylinders, 7} in. 
diameter and 10 in. stroke, two gears of 6^ to 1, and 15 to 1 respectively, and rigid drivers 68 in. 
diameter by 18 in. wide, fitted with cross-plat^. The boiler was of the locomotive type, with 
wing water-tanks and large bunkers for wood. The single leading wheel was 60 in. diameter, 
fitted with liearing springs. The main axle rested on 6-in. indiarubber blocks. The weight, 
in running order, was 14 tons, of which 10 tons was supported by the drivers. 

Ill 1867, it was demonstrated that the itidiarubber-wheel engines constnieted by B. W. Thomson 
possessed g^reat tractive power, and therefore that they could be applied to the haulage of heavy loads. 
On steep inclines of pavement and macadam, small engines of only 6 tons, or 7 tons, readily drew 
loiuis that a powerful idgid-wheel engine could hardly have moved. The indiarubber wheels also, 
from their great bearing surface, enabled the engine ‘to pass easily over soft ground. A 6-ton 
engine took a load of 10 tons up an incline of 1 in 9, 20 tons np an incline of 1 in 20, and by itself 
ascended a grass dope of 1 in 44. A 7-ton engine, with 5^ tons on the drivers, was tested by 
drawing a dead weight over a pulley. On good ground it gave a pull of 63 owt, with an adhenon 
ooeffleient of *576, and on a less favourable surfhoe, a pull of 51 cwt. with an adhedon coefficient 
of *46A 

One of Thomson’s engines, with double cylinders, 6 In. diameter and 10 in. stroke, gears of 
7 to 1, and 14*6 to 1 respectively, and 60 in. driving wheels, carrying 5 tons, was, on va^y different 
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occasions, carefully tested with Tennant’s road locomotive. As the latter had twice the weight on 
the drivers when compared with that on the indiarubber wheels, an excellent opportunity was 
afforded for proviiig the coefficient of adhesion between rigid tires and elastic tires. Tennant’s 
engine had 10 tons, and Thomson’s engine 5 tons, on the driving whetds. On a dry and dusty 
mucadam incline of 1 in 12, Tennant’s engine took a gross load of 17 tons, giving a ooeffieiont 
of adhesion of *32, and Thomson’s engine took the same load of 17 tons, with a coefficient of *409. 
Again, on a dry macadam incline of 1 in 25, Tennant’s engine took 34 tons, with a coeflicient of *3, 
while Thomson’s engine also took 34 tons, with a oot*fficient of *5. These two figures, 8 and 5, very 
noarlv* represent the t'omparative value of indiarubber tires and of smooth iron fires on ordinary 
macadam. In the trial each engine took the same load, but Tennant’s engine, from its siiperinr 
Ixnler power, readily run twice as fast as its smaller competitor, the i>ot boiler of which would only 
keep steam for the sk)wcst speed. 



A 10 horse-power ^oods cn^ne, with 104n. cylinder and 12-m. stroke, and with driving wheels, 
C ft. diameter and 18 in. broad, manufuctured by Aveling and Porter^ of Kochcster, made the most 
successful run, in point of consumption of fuel, in the trials of traction engines between Wolver- 
hampton and Stafford, in 1871. The useful load drawn amounh^ to 15 terns ; the distance run was 
1C miles; the time occupied, exclusive of stoppages, was 4 hours 48 minutes ; and the amount of 
coal cymsnmed was 2 * 8,5 lb. a useful ion of loart a mile. 

Home further experiments were made at Orange, United Htates, In tlie autumn of 1872, with 
iheobjf*ctof testing the capaldlitics of r<iad locomotives, and their commercial value. In oomtmrisou 
with liorse tra<!tiori. The engine selected for those trials was one of 6 horao^ftowinr, by Avelittg 
and Porter, of which the following are the principal dimensions: cylinder, 7} in. diameter, siioke. 
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10 in. ; diameter of driving wheels, 5 ft. ; breadth of tire, 10 in. ; total weight of engine, 5 tons 4 cwt., 
of which, 4 tons 30 cwt. Were upon the drivers ; the wheels were of wrought iron, and were fitted 
on their periphery with strips of iron laid diagonally across the face. These experiments wore 
oonducted by R. H. Thurston, who gives an interesting account of them in a paper read before 
the Polytechnic Club of tho American Institute. He sums up his remarks with the following 
comparison Ijotween haulage by horse and by steam power ; — 

“ Tho expenso account when doing heavy work on the common road, under the described con- 
ditions, by steam power, is less than 25 per cent, of the average cost of horse power, as deduced 
from the total exTienso of such f>ower in New York State ; while, if we take for comparison the 
i'^west estimate that we can find data for, in our 'whole country, we still find the cost of steam 
power to bo but 29 per cent, of the expense of horses. 



1930 . 


** We may state tho fact in another way. A steam traction engine, capable of doing the work 
of 25 horses, may he purchased and worked at as little expense as a team of fi or 8 horses.*^ 

One of the most careful and elaborate experiments ever recorded with traction engines, was 
carried out in 1800, under the direction of Tresoa, with one of Aveling and Porter’s 10 horse-power 
traction engines of the following dimensions : cylinder, 1 1 in. diameter ; stroke, 14 in. ; diameter 
of the driving wheels, 64 ft., with cast-iron rims. The power of the engine was transmitted to the 
wheel, by moans of a pitmied cliain, in the ratio of 1 to 20 for slow speed, and 1 to 14 for fast speed. 
The total weight of tho engine, when loaded with coals and water, was 17} tons, or 14| tons without 
coals and water. Treaca sums up his report as follows ; — 

The e^ine drew, in a regular mauiier, upon a good roa<l slightly undulating, a total load of 
59 tons. The ooefBoient of traction may be approximately estimated at which would bring the 
mean atrain to iieaxly 89) cwt. taking into account the weight of the locomotive. This mean 
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effort, developed at a speed of 8*54 feet a second, brings the valuation of effective work to 
15,628 foot pounds a second, or to 27 61 horse-power. Tljis hgure will appear high if it be compared 
with the consumption of fuel, which was 8 cwt. 2 qr. 18 lb. in 8 hours and 8 minutes, stiy 
182*25 lb. an hour of actual travelling. This consumption represents only 4*40 lb. of coal a 
horse-power and an hour. 

The corresponding consumption of water is not less than 182*22 gallons an hour of actual 
travelling. 

The coefficient of adherence may be estimated on the road gone over at 0*8 of the adherent 
weight. The adherence resulting therefrom was only necessary for the working of the engine up 
inclines of 1 in 33 to 1 in 30, and at starting. 

The load of 59 tons which the engine drew on level ground is not the limit of what it can draw 
under these conditions. 

The speed of 2*48 miles an hour appears suitable for traffic of this nature, and renders the 
manoeuvres so easy that the train is well managed b^r a superintendent, an engine-driver, and an 
assistant solely employed to guide the steering-wheel in front. 



1932 . 


J. Fowler and Co., of I^eeds, have perfected an excellent engine, which can be used for either 
heavy goods traffic or apricultural purposes. One of this claaa. Fig*. 1917, 1918, may be taken aa 
the of many now m use. The cylinder, 9 in. diameter. 12 in. stroke, is placed on the top of 
the Ijoiler, which is of the usual locomotive type, with 7*17 sq. ft of grate surface, and twenty- 
nine tubes of 2} in. diameter. The crank shaft is carried on plates riveted to the sides of the 
fire-box. This forms a oompact arrangement. The gearing for transmitting the power of the 
engine to the driving wheels, at the rate of l| mile an hour and 8 miles an hour respeotlvdly, is 
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of cast steel, and, together with the working parts of the engine, is enclosed, so as to prevent the 
noise and motion of the engine frightening horses. A compensating gear, enabling the engine to 
turn sharp corners, is inserted between the main axle and the driving wheels. The driving wheels 
are 66 in. diameter and 16 in. wide, fitted with indiarubber tires, and Greig and Aveling^s shoes, 
but the same engine may be used with wrought-iron tires if desired. 

With respect to the advantages of steam road rollers, Avcling states that the road being made 
for the traffic, and not by the traffic, material is saved ; the stones, instead of being left loosely upon 
the surface to encounter the grinding lateral pressure of the wheels, are forced by direct vertical 
pressure into the soft b€»d prepared for them, along with a binding material that fills up the 
interstices, and affording support for the stones, keeps them in position with one surface only 
exposed to the abrading action of the wheels. The whole coating is consolidated, and there 
remains a surface hard and smooth enough to resist the disintegrating action of rain or frost. 

The steam roller, by reason of its weight, will consolidate and prepare for traffic newly laid 
macadam at tho rate of 2000 sq. yds. a day, and by reason of its motive power, can work this 
greater weight for one-quarter the cost of the horse machine. Not only at the same time are the 
loose stones not tom up, but the heavier roller has the effect of turning down the sharp edges of 
the stones and leaving their flat sides uppermost, bedding them together in the road, so as to make 
a sedid level surface. 

The sizes most in use are those weighing about 15 tons and 20 tons, with driving wheels 
respectively 5 ft. and 5J ft. diameter. 

1923 . 





Aveling^s road roller, Fi^ 1919, 1920, somewhat resembles one of his traction engines, with 
the driving wheels converted into rollers, and the space between them covered by a pair of front rollers 
which also act as steering wheels. These front rollers are made conical, or dished, in order that 
on the ground line they may be close together ; while above their axle there is a space for a vertical 
shaft, serving as a support for the frront of the boiler. To the extremities of this axle a forked, or 
saddle piece is attached, to act as a guide for the steering chains ; and these chains pass rearwards 
to a transverse roller, which is acted upon by a worm and pinion connected with the steerman’s 
wheel. By keeping the driving wheels behind, instead of in front, as in the engines previously 
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deecribed, the ^eatest bite is obtained in ascending inclines and going over soft places. Besides 
being capai>le of hauling trucks, this engine is furnished with a fly-wheel, and can be used for 
driving a stone breaker, or any other machinery connected with road making. Its weight is about 
8 tons, and the nomiual power of the engine is 6 horse-power. 

In Paris the; Gellerat system of steam road roller has been oinployed, Figa 1921, 1922. This 
engine has been manufactured by Manning, Wardle, and Co., of Lo^s. It has two cylinders, each 
7 in. diameter, and 11 in. stroke, mounted on a locomotive boiler with 285 sq. ft. of heating surface. 
The rollers are 3 ft. 11 in. diameter and 4 ft. 7 in. wide, and are connected to the engine by means 
of pitched chains. The largo-sized engines weigh 30 tons, ami the small-sized engines weigh 
15 tons. On the side of the engine where the attachment is made with tlie crank shaft, the 
axles turn in radial boxes, fixed to horn plates, similar to an ordinary locomotive ; whilst on the 
other side, the axle-boxes are free to move backwards and forwards, sliding on the frame of the 
engine, anti connected together by a rod with a male and female screw, worktd from the foot pinto 
by a vertical shaft couiiectc<l by bevel wheels with tlie steersman s handle. When the engine 
moves in a straight line the axles are kept parallel ; but when necessary to turn a ct)rner, the 
centres on one side are drawn together, and consequently, the rollers act like a double steering 
wheel, turning the engine in a very small space. 




Agricultural locomotives consist principally of a xK>rtaUe engine fitted with various methods of 
transmitting tiic ))ower from the crank shaft to the road wheels. 

According to T. to wliose paper on “Htearn Lorornotion on Common Bond,** in the 

vol. wc arc indebted for this article and its illuMiraiiotis, the chief dilllciiUy which has 

b<;Met engineers in the construction of this class of macbiner>% has bc»en the iinpossibility of theoreti- 
cally calculating the varied strains to which the cotnponent parts of such an engi:^ are subjeoiecL 
in the same manner as in a railway locomotive. The priiiici{ial proportions of the engines leier^ 
to here have been the result of long and careful exporienoe and laborious expeiiinent. 
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The following data, respecting the cost of power in steam ploughing, was deduced from the 
various experiments and trials which were carried out at Wolverhampton in 1871 ; — 

The average consumjDtion of coal = 161 lb. an acre. 

„ „ water =115 gallons an acre. 

„ „ oil and tallow = 5'1 oz. an acre. 

„ ,, water a lb. of coal = 7 * 2 lb. 

„ „ coal a mean I.H.P. an hour =7*1 lb. 

,, weight of earth moved a lb. of coal = 9*3 tons. 

Figs. 1923 and 1924 represent O. Burreirs farm locomotive. The boiler is mnltitnbular, of 
the usual locomotive typo ; the cylinder is 9 in. diam. and 12 in. stroke, and the motion of tlio 
crank shaft is transmitted to the driving wheels, 5 ft. 6 in. diam., by means of two pitched chains, 
one on each side of the engine ; thus relieving tlie main axle of the undue torsion which is liable 
to occur when only one wheel is coupled. Kach chain pinion is provided with a clutch, so that 
the driver may disconnect either wheel when turning comers. The hinder part of the engine is 
mounted upon volute springs, set at an angle, so as not to interfere with the movement of the 
chains, and it has been found in practice that the use of springs diminishes, to a great extent, the 
wear and tear of those engines. The driving wheels are made with wrought-iron spokes and cast- 
iron naves and rims, the latter partially covered with wrought-iron diagonal plates. 

T. Avoling, well known as an agricultural locomotive manufacturer, exhibited his traction 
engine fur the first time at the Royal Agricultural Society’s meeting at Canterbury in 1860, but it 
was not until the year 1871, that the Society considered this class of machinery sufficiently useful 
in agricultural operations to bo placed on the competitive list of prizes. 

In the first engines designed by Aveding, the transmission between the crank shaft and 
rtmd wheels was <;ffected by means of a pitched chain, and the engine was steered by a fifth wheel 
in the form of a disc, placed at the end of a wrought frame fixed to the fore axle. 

Figs. 1925 and 1926 represent one of Aveling and ♦Porter’s 8-H.P. ap^cultural locomotives. 
The gcnoriil design outwardly reserabh^s some of the engines already described, but care has been 
taken in the inanufacturo to make every part as light as {possible, consistently with the work it has 
tt» perform. The lK>iler is loeonudive, wdth 4*3 stjuare feet of fire-grate surface; 30 tubes 2J in. 
diam.; total heating surface, 130 so. ft. The cylinder is 9 in. diam., and 12 in. stroke and is 
phiceil at the forward pari of the boiler 8urrr»unded by a dome, from whence the steam is taken to 
the slide valve. The motion is transmitted by gearing, the toollied wheels being made of malleable 
iriin to prevent breakage. An arrangement is provhied for disconnecting tlie craiik shaft from 
the train of wheels, so that the ixiwer of the engine may be used for driving nmcliinery used on a 
farm, through the nieiliuiu of a tly-whecd placed on the side of the crank shaft opfiosite to the 
wluitds. Tlie main plummer blocks are snp|K>rtc<l on the out.sidc plates of the fire-box, winch are 
carried up to tiio n^juisite height. This arrangement combines lightness w*ith strength, avoiding 
many of the breakages which us^hI to occur with the cast-iron saddles formerly used. The driving 
whoeds are 66 in, diam.. 12 in. wide, and may either be constructed of cast iron, wrought iron with 
diagonal strips, or with iiidiarubhcr sjiriugs on Adams* j)atent. 

Them' engines, as well as those of Fowler, are provhled with a compensating or differentia! 
gf^ar, similar to that attfudie<! to the w1uh“> 1, Fig. 1912, for transmitting the motion of the crank 
shaft to the driving wheels, thereby enabling the engine to turn sharp corners without the use of 
discngiiging-cliitches. 

One wheel turns fre<?ly on the nave, whilst the other on the opposite side is keyed fast on 
to th<' axle. A Injvel wheel is liolted to tlie nave of the wheel, and one of equal size is keyed 
fast to the shaft. lletwoe.n these the spur gear revolves, driven by the pinion on the crank 
shaft, and it carries in two recesses a couple of small bevel pinions, lioth gearing into each of tlic 
larger bevel wheels. 

The resistauces Uiing filial on Isith wheels, if the spur gear is turned, it will carry with it 
l>oth driving wheels at the same time with equal angular velocities, the effort exerteil by the 
engine being e<]ual on both wheels at all times ; hut in turning a corner, the greater resistance 
on tlie inside wheel retards it, while the outer w’hoel necossjirily moves more rapuily over its 
longer path, and, as the engine exerts the same force on both whc*els, the work done is dis- 
tributoa iinet^ualty betw<*on them through the revolving bevel pinions, virithout either wheel being 
necessarily slipiSHi or disengaged. 

ROOK DUtLL. 

The labour of boring shot-holes by hand is extremely tedious ; this has led to the invention of 
various machines for exf>ediling the work, and thereby reducing botli delay and expenditure. 

The simplest forms of rock drill is that of the sert^w auger, turned by some device similar to a 
ratchet brace ; but this is only available for use in comiwiratively soft gn^und, such as chalk and 
some varieties of coal. A machine of this kind, termetl a perforator, has done gooil service in soft 
gn>und, but it is obviously useless in verv hard rock w*here a percussive action is necessary, and to 
efifect'this is tlio object of the tnaohinos, t*ig8. 1927 to 1930. Jig. 1027 is of a rock drill devised by 
W. Weaver, of Pennsylvania ; it consists of a frame of bar iron whicli can bo readily taken to pieces 
for transport. The boring bit has a shoulder piece clampcHl on U) the centre*, and this is kept down 
by means of springs arranged on either side; alight shaft runs through the intichiiie, to which 
earns are attached, and this also carries a pair of fly-wheels and handles. When these are tamed, 
the cams alternately raise and release the bit against and from the pressure of the springs, thereby 
priKiuctug a succession of short powerful blows; a small cylinder att^*hed to the frame of the 
tuaohiue coutaius water which is passed through the ctxjk down to Uie bit, and assists the operation 
of luring. 

A great advance upon this is the drill of T. B. Jordan, London, ^ . 

Fig. 1928 is a aootion of the machine ; it is composed of an air-tight cylinder C, in which the 



972 


BOOK DBILL. 


piston L is forced up twice in every revolution of the fly-wheels by the cams K K. This action of 
the cam compresses the air in the cylinder, which forces the piston down when released, and 
the blow, and at the same time feetis the tool forward, by causing it to turn in the brass nut D, 
screwed to tit the up|>Gr porliou of the drill bar. It will be seen, therefore, that, as tlie c^s while 
lifting the piston turn the drill bar G, it must feed forward in proportion to the amount 
upon the nut D, by the bmko B acting u^ion the mitre wheels E in connection with it. The throe 
actions absolutely necessary in rock drilling, heavy blow, variable feed forward of the drill, and 
constant turning of the latter in the bottom of the hole, are thus obtained by simple inean^^d 
without valve, tappet, or any complicated arrangement of parts. The cylinder is maiio ught bv 
placing discs of loiithcr in the upi>or gland and piston, so that tlie same air is compressed for each 
blow. 

The air in the cylinder can bo compressed to any extent, and with the power of two men, 
150 blows of about 130 to 160 lb. each a minute can be delivered by these maoljiuos. 



They are made in various forms to suit the diflerent conditions under which they have to work ; 
but the )x>werH:ylinder and the drill bar, as well as all the parts rcqiiisito to give motion to tho 
are of the same construction in each case. 

In Fig. 1029, Jordan's drill is mouutetl on a carriage, and adapted for bfiriug holes in a vertiejd 
or slightly inclined position, its most efiective arrangement. 

Fig. 1930 IS an illustration of a new form of rock drill constmeterl by Barlow and Co., of Man- 
chester. The machine consists of a light stand supporting guides which can be adjuRted to variutis 
inclinations. The Vxtring hsd is not conuecicci to Uie hammer, but rests on the rock, bidng 
merely guided by the collars, through which ti passes, and which ensure its Udng kept pamlifS 
with the hole. One of the guide collars has an iutcrmitietit rotary motion given to it by a ratchet, 
this causing the h>rd to be rairtially rotated after each blow. 

llie tool is struck mpidly by a steel-faced hammer, worked by a crank through the medium of a 
spring. The throw of the crank is 1 J iu., but when in full work tho hammesr under the action of 
the spring moves about doul>le Uie stroke due to this ilirow, a sjieed of 40 revolutions a minuto 
of the handle causing 212 blows a minute of about 5 in. fall to bo struck by the bammor. The 
machine is simple, and readily set to work. 

None of these aflbrd, however, anything like the result that can bo obtained by the direct 
application of tjower to driving the drills, this has been efltrctod in numc^rous machines. Their use 
ifideed forms the most remarkalde advance which has been marie in the practice of mining, sinoc 
not only is the miner relieved from the labour of boring, but the speed with which the shot-h^ee 
may be bored is increased otie hundred fold ; this gain of sifocd offers many practical advantages. 
The ability to sink a shaft or to drive a heading rapidly may ensure the suooeiM of an undertaking, 
and save large sums of money, and in all cases it am>W8 the time np&ni In preparatory work to iSi 
materially shortened. Machine drills penetrate rock in the same way as the ordinary hand drilla, 
namely, hy means of a percussive action. The cutting U^ol is in luoat cases attached direotly 
to the pisum rod, with which it couaoquently reciprocates. Thus the piston with Its rod is made 
to coDsutute a iwrtion of the cutting tool, and tho blow is then given by the direct aeikm of the 
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f***® ^p*e«8ed air, the tool. As no work is done upon the rock by the back stroke 
of the piston, the area of the forward side is reduced to tlie dimensions necessary only to lift the 
piston, and to overcome the resistenoe due to the friction of the tool in the bore-hole. The piston is 

and to cut off the supply, nnd to open the exiiaust as 
required by means of tappet valves, or other suitable devices; and provision is made to allow, 
within certein linai^ a variation in the length of the stroke. During a portion of the stroke! 
means are brought into action to cause the piston to rotate to some extont,^r the purposes that 
1929. 



hare been already oxphiined. To keep the cutting: edge of tho tool up to its work, the whole 
niachiue is movtKl forwanl as tho rot'k is cut away. This forward or feed motion is usually 
given by hands but in some oases it is oommunicate<l automatically. 

^ Tb© foregoing is a general description of the oonstruction and mode of action of percussive rock- 
drills. The numerous varieties now in use differ from each other nither in the details of their cou- 
stnietion than in the prinotples of their action, and the iiii{)ortancc of the difference is, of course, 
dependent upon that of the details. It is but just to remark here that the first rt^ally practical 
Mdiitioii of tho rack><lrilling problem is duo to M. Sounneiller, whose machine was employed 
in exoavating the Mont Ceiiis tunnel. 

The Du>i»is-Fnin(;ois rock-drill, Fig. 1931, is of a type already discarded, but it was one of tho 
first introducetl and has done service. 

The piston B reciprc^catcs io a cylinder O. Tho rod A of this piston is of comparatively largo 
dimensions, and is provided at its lower extremity with an enlarged section pierc^ to receive the 
oottiiig t<K>l. The valve gear is altogether of a B|>ecial character. An ordinary slide valve G is 
cdiineoted to two slitle pistons 11 and U', e«ch moving in a cylinder provideii for it. Tho piston H' 
has a larger surface area than the piston H. When the compressed air enters the valve chest, it 
exerts a nrossuro ii}M>n lK>th pistons, which tends to force them in contrar}" dir<x?tions. But as tho 
area of H' is great««r than that of H, the pistons, being ex>nnectt*d by their rcnls and the valve, move 
forwwd. This motion opens tho port j*, air is admitttxl above the main piston B, and the drill-bit 
is driven against tho rooTk, H' is, however. pi«'rced by a small pawage t #, which allows the oom- 
prossod air to pass to tho other side of it in J, by which means equilibritim is restored ujxni the two 
eurfa<» 0 s, and wlum established, the action of this piston is de8troye<l, and, consequently, the pressure 
noting upon tho other piston II, forces tho pistons io the contrary dinvtion. This motion oix?n8 the 
port s, oir enters below tlio piston B, and the drill-bit is withdrawn from tho rock. To cause this 
action of the pistons to be repeated, an annular projection C, upon tlie rod A, comes in oontaot 
during the bacx stroke with a lover, which, btdng tai^, optms tho valve E. Tlie air in the space J 
iMnapcs, and the equiltbritim of the piston H' is thereby destroyed. 
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It will be seen that the action of tliis valve gear throws the motive force suddenly upon the per* 
onssion piston for the forward or working stroke, while it effects the return stroke in a less violent 
manner. The size of the oir piissa^ tlirough the valve piston H* is a matter of importance. To 
determine the most suitable pri»portions, many experiments were needed. If this passaip were too 
large, equilibrium would bo established too soon, and a consequent jerky motion would be produced 
in the percussion piston ; if it were too small, the motion of the latter would be too slow and 
irregular. 

The rotation of the drill-bit is obtained by the alternate action of two small pistons not sliowii. 
These pistons are single acting, and receive compressed air through opening ujwn Uio ports of the 
main piston B. The alternating action thus obtained is transmitted by a rigid rod Z to a ratchet 

1931. 





wheel Y, fixed up the ro<l A, in the fore part of the machine. The feed motion is accompUshed by 
means of a screw, turned by a handwheel. The principal dimensions of the machine are ; — ToUil 
length, 7 ft. 2 in. ; weight, 484 lb. ; diameter of the cylinder, 2} in. ; diameter of the pishm nxl, 
IJ in.; maximum stroke, 7J in.; weight of the striking mass, including «db. borer-bit, G8 lb.; 
length of feed, 31 J in. 

This machine has an unnecessary degree of complexity, oceasioncil by the presence of no less than 
five pistons. Th<‘>8e which actuate the rotating gear also apf»ear to be too much f*xi>osod to injury 
from dirt and gritty waU-r. The ratchet gear being exjwsod, is liable to injury fn>m blows and 
strains otherwise cjiused, and to be impt<loil in its action by grit It is really only serviceable for 
horizontal holes and has almost gone out of use. 

The Burleigh rock-drill. Fig. 1I>32, consi.sts of a cylinder A, a piston B, with its nnls, and a 
valve gear o, h. Both the back and forward piston-roils ]jass through stufiiiig Ijoxes in the cylinder; 
to the forward rod the liorer-bit is fixed ; the back rod, whicli is made smaller in diameter tlian 
the forward rod, to give a larger piston area on that side, terminates in an annular pr«>tubonince. 
This is Intended to strike alternately daring its reciprocating motion the lx»ck and forward arms of 
the tappet lever u, to which the rod of the slide valve is attached. The riM:kiiig motion of the lever 
thus produced communicatees the requisite r€»ciprocatiug motion to the valve, and by this means the 
desired action of the piston is <3n8ared. To eflect the rotary motion of the iattdir, the back piston- 
rod is provided with a spiral finither, which works in a cr^rresponditig groove in a cylindrical pio<*e 
fitting into the back portion of the cylinder. This cylindrical piece is provided on the otiistde witli 
teeth, thereby forming a kind of ratchet wheel. A detent held up by a spring prevents the piece 
from turning in one direction, but allows it to revolve frc>ol v in the contrary. By this means the piston 
is made to turn i^irtially round during the back stnjke ; but during the forward stroke the piston 
iunis the cylindrical piece before described, the motion of which in tliat direction is unrestrained by 
the detent. The forward motion of the cylinder, or feed motion, is affected automatically by means 
of the screw, actuated by suitable mechanism. Tliis feed screw passes through a gallows* fhime 
affixed to the back end of the bed-plate and again through a feed-nut in the cylintler. The end of 
the piston is drilled out, in order that tlie feed-f$crew may not ba struck by the former during iU 
oscillations. The feed-nut is secured between two collars in a manner to allow of easy revolutl<gi, 
and its outer edge is cut into a ratchet, into which works a pawl actuated by the piston. The 
turning of the nut by this means upon the fixed screw moves the cylinder forward. The 
mechanism by which this is accomplished is shown in Fig. 1D32. Wlien the tool has penotraU*d 
the rock, and the piston oons^nently a<lvanced nearer the front cylinder cover, the protobemnee 
upon the back piston-rod strikes against a catch, and thereby releases a lever. The latter is 
tlien forced inwards by a spring, so as to he struck by the head of the piston at the retom stroke, 
by which means it is again restored to its original position. The other end of tlie lever being 
connected to the nawl before mentioned, the feed-nnt Is turned by the extent of one tooth. This 
action is repeated as the penetration of the tool progresses. Frequently Uie aotomatic feed* gear Is 
omitted from the construction, and the necessary motion communtcated by hand. 

The principal dimensions of this machine are the ffdlowing; — Total 
166 lb.; dlamenter of cylinder, 2| in. ; diameter of back pistoD*tody ]| in 


len^h, 51 in, ; weight 
. : diameter of forward 
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S ifitmi-vod, 2} in.; maximam length of stroke, 4i in.; weight of the striking mass, including 
-lb. borer-bit, 84 lb* ; length of fe^ 22 in. In the Burleigh machine there exists considerable 
complication of parts, and many are of a fragile character. The striking gear by which the valve 
is actuated is liable to rapid wear and fref|uent derangement. Also its exposed situation on the 
outside of tho machine must tend to favour the occurrence of such results. The mechanism for 
producing the autc^matio feed is delicate and ^mewhat complicated. 

The Kainotomon rook-drill, Fig. 1983, is an improvement upon the Burleigh. It has a 
cylinder A» a pUton and piston rod B C, end the valve gear at F. The valve is pivoted at H ; 
it has an arm G, the projection on which is struck by the two pistons alternately during the 
reciprocating motion of the latter; by this moans tho requisite motion is communicated to the 
valve. The motor fluid is admitted through A and tho ports g //, and exhausted through the port 
h. The rotation of the tool is effected by the ^mo means in the Kainotomon as in the Burleigh 
machine, the position only of the parts 
lacing changed. Tho piston rod passes 
through a cylindrical piece D called the 
rotation tube, placed in the neck of tho 
cylinder, and held in position by the 
w^asher D. This tube is provided with 
a spiral slot a, in which works a pro- 
jecti()n h in tho piston rod. On the upper 
end of the tul>o IF are ratchet teetu c, 
into which tho pawl d is forced by means 
of a spring c, tho jMiwl and spring being 
htdd in [wsitiou by a gun -metal cap. 

Tho tee^th and pawl are arranged so as to 
compel the piston rod to rotate during 
tho bockwani stixike, and to allow it to 
tuni freely daring the forward stroke. 

Ill the fur want end of tho cylinder is an 
elastic packing ring K\ which is held in 
|ii>sition by a sh'cl wiisher E ; this serves tis a buffer to mitigate the destructive effects of the blow 
should the piston strike against the forward end of the cylinder. The feed motion is communi- 
cated by hand, by means c»f the feed-screw L. which runs parallel with the cylinder, and is held 
by the lugs M M cast upon tlie cyliiid<»r. The machine slides in the jacket T. The universal 
clamp U deserves special attention, as it allows the machine to be turned in any direction, and to 
fixed ujxm the cylindrical bar V, by simply tightening the set screw W, which acts upon tho 
gripping plates t and Ar, and the washer m. 

The following are the principal dimensions of the machine ; — Total length, 36 in. ; weight, 
20.5 lb. ; diameter of cylinder, 3J in. ; diameter of piston rod, 2 in. ; maximum length of stroke, 
4} ill.; weight of tlie striking mass, including 8db. lK>rer-bit, 53 lb.; length of feed, 18 in. The 
valve in the Kainotomon drill is jfery sensitive to rough treatment, and in ordinary work constantly 
out of or«ler. 

Tho cliunictcristic pecultarities of tho McKean machine drill arc shown in Figs. 1934, 1935. 
Besides the anterior piston-rod to which the tool is attached, there is a posterior rod which passes 




1935 . 


through Uie back end of tho cylinder, and is prolonged through the valve and feed-gear chamber 
situate behind the cylinder. Upon this prolongation of the rod is an enlargement of an ovoid 
form, as in Fig. 1984. During the reciprocating motion of the piston, this enlarged piston strikes 
alternately the arms 2 and t* which hang upon the opposite sides of tho piston rod. By this means 
an oscillatlog motion is pr<Miuo©d in the rod upon which the arms are fixed, which is communicated 
to the v^ve; the form and action of which will be andersiood from Fig, 1934. To the 
lequisite lotary motioii to the tool, tho enlarged portion of the piston rod is provided with spiral 
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teeth, which gear into^ corresponding spiral teeth on a rotary cam-spindle provided with a 
ratchet wheel which is held by a pawl, so that the cam may turn only in one direction, namely, 
during the backward stroke of the piston. To produce the feed motion, a ratchet wheel q is placed 
loosely upon the feed-screw n. This wheel is connected by means of the arm q* with the arm or 
lever V upon the valve rod, as in Fig. 1935, and by this means the oscillating motion of the latter 
is communicated to the wheel. This motion is transmitted to a crown ratchet-wheel p, which is 
held up to the wheel q by a spring, and by moans of which the cylinder is moved forward upon 
the fi^-screw n. Suoli are the general and distinctive features of the McKean drill as applied in 
the St. Gothard tunnel. 

The following are the dimensions of tliis drill ; — Total length, 88 in. ; weight, 150 lb. ; diameter 
of cylinder, 3 in. ; diameter of anterior piston-rod, 2 in. ; diameter of posterior piston-rod 1^ in. ; 
maximum length of stroke, 4 in. ; weight of the striking muss, including 8-lb. borer-bit, 32 lb. ; 
length of feed, 12 in. 

Fig. 1936 is a section of the Sach*s drill. As the details of construction are therein clearly 
shown, a general description of the action will be sufficient to make it understood. The slide 
valve is of the ordinary character, and the mode of admitting, cutting off, and exhausting the 
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motor fluid precisely the same as in an ordinary steam engine. Tlic valve is workixl by a bell- 
crunk lever c^ninected with tiie piston nnl in the manner shown in the drawing. Thus the motion of 
the valve is wholly dei)eiident U{)ou that of the piston. It will be obser>'«Hl that ample eleaninco 
space is provided at each end of Uie cylinder. To give the requi.^ite rotary motion to the hxd, 
another arm of the rtxjking Ivver communicatt’« a reciprocating motion to a rixl, to which are flx<Hl 
two ratchet pawLs held up against the tetdh of a ratonet wheel u|>oii a cylindrical piece, through 
which the rod passes at the upj>er end of the percussion cylinder. This evlindrical piece is prf>- 
vided on the inside with a groove in which a rib ujmn the nxl shMes. The acth>n of the j>awls 
causes the wh«?el to revolve. The feed motion is commitniciAicd hy hand in the usual manner by 
means of a screw and crunk handle, or whetd, as in the Dulnjis-Fraig^ois machine. Fig. 19.31. This is 
the mode of feeding aiioptcnl in vrhat is known as the low-pressure machine. In the high-prt’MMiuro 
machine, which is made of small cylinder dimensions, the fi*e<l is made auh»mntic by rmiiiieciing 
the mechanism with the rotating gear. The SachV drill has had extended application in 
Germany. 

In the Ingersoll rock-drill, Fig. 1937, E is the cylinder, M the piston, and I., the ptshm rrxl. Tho 
valve gear is actuate^! by the piston through the medium of tuj>pf»ts, and c/msists of a slide vulvc 
M', two valve nxls or spindles B, and two tapped levers H. The imtion of this valve gear ami of tho 
pi.riton needs no description. The rotary motion of tho hiol is oblainixl hy misins of the spindly 
grooved bar S, recessed into the back end of the piston. A cap screwe*! into the piston is pn»vid<xl 
with studs or feiithers to run in the grooves of the bar. On the end of tho latter is u ratchet wheel, 
into the teeth of which a i»aw] is held 
by a spring. Thi.s pawl, as in the case 
of some of the mmiiines already de- 
scrilxid, forces the piston to turn daring 
the back stroke, but allows tlie spiral 
bar to rotate during the forward stroke. 

The forward motion of the cylinder, 
or fee<i motion, is produced automati- 
cally in the following manner ; — As 
the tool penetrates the rock, the piston 
approaches the forward end of the 
cylinder, and strikes against a tappet 
lever H', which partudly rotates the 
rod B in the manner shown in Fig. 

1937. This rod turns, by means of pawls and ratchet teetli, a nut upon tho liack end of the 
cylinder, through which nut passes the f<3od-scrcw P, as shown at V, The rotation of this nut upon 
the feed-screw causes the cylinder to udvanc<;. 

The following are the principal dimensions of this machine;— Total length, 30 in.; weight, 
155 lb. ; diameter of cylinder, 2} in. ; diameter of piston n>l, 2 in. ; maximum length of stroll, 
4 in. ; weight of the strikingraasH, including 8-lb. lK>rer-bit, 26 lb. ; length of ftHsl, 19 in. 

The Darlington n)ck-drill. Figs. 1988, 1939, consisU of only two parts ; the cylinder A, Fig. 19:18, 
with its cover, and the piston B, with its rod. The* cover, when Ixdted on, forms a jiait of tho 
cylinder ; the piston rod is cast solid with tho piston, and is made snffieiently large at its outer end 
to receive the tool. Those two part# oonstitute an engine, and with leas than one fixed and one 
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moving part, it is obviously impossible to develop power in a machine by the action of an elastic 
fluid. The piston itself is made to do the work of a valve in the following manner ; — ^The annular 
space affording the area for pressure on the fore part of the piston, gives a much smaller extent of 
surface than that aflbrded by the diameter of the cylinder, Fig. 1938 ; and it is obvious that, by 
increasing or diminishing the diameter of the piston rod, the area for pressure on the one side of 
the piston, may be made to boar any desired proportion to that on the otW side. The inlet port C 
being in constant communication with the interior of the cylinder, the pressure of the fluid is 
always acting ui>on the front of the piston; couscx^uently, when there is no pressure upon the other 
side, tlio piston will bo forced backward in the cylinder. During this backward motion the piston 
first covers the exhaust port D, and then uncovers the equilibrium port E, by means of which com- 
munication is established between the front and back ends of the cylinder, and consequently the 
fluid made to act on both sides of the piston. The area of the back face of Uie piston being greater 



ihan that of the front face, by the extent occupied by the piston rod, the pressure upon the ft>rmer 
first a<’ts to urrt^Mt the backward motion of the pishni, which, by its considerable weight and high 
velocity, has acquired a larg*» momentum, and then to prcKluce a forward motion, the propelling 
force iK'ing dejandent fojj its amount u{)on tin* diflerf*nc<^ of area on the two sides of the jilston. As 
the pit»toii |»ftsses down, it cuts off the sb am from the back part of the cylinder, and oj^ens the 
exhaust. The length or thic-kbess of the piston is such that the exhaust port D is never open to its 
front side, but in the forw’ard stn^kc* it is open almost immetliately after the equilibrium port is 
closeil. ami nearly at the time of striking the blow. It will be rd>fccrved tliat the quantity of fluid 
expended is mily that which passes over to the back face of the piston, since that which is used to 
effo<‘f the return Htr«:>ke is not <lischarged. 

The means eiupluy* d to give a rotary motion to the consist of a rifled bar H, having three 
grooves, and l»t‘ing fitte<l nt its head with a nitchet wheel (t", recessed into the cover of the cylinder. 
Two detents J J, Fig. 1938, ulsci recessed into the cover, are made to fall into the teeth of the 
ratchet whetd by spirtd springs. Tliest^ springs may. in case of breakage, be immediately renewcHl 
without removing the cover. It will Iw observecl that this arrangement of the wheel and the 
deUuits allows tin* spiral bar H to turn freely in one dirwtion, while it prevents it from turning 
in the contrary. Thu spiml bar «lr*»ps into a long recess iii the piston, which is fitted with a steel 
nut, made U» accurately til the gn^ives of the spiral. Henco the pisUui during its instroke is 
forecHl to tuni upon the bar, but during its outstroke it turns tl;o bar, the latter being free to move 
in the direction in which the straight outstroke of the pi^bm tends to rotate it. Thus the piston, 
and with it the tool, ashumt^s a new' jKisition ufler each stroke. 

The following are the principal dimensions ; — Total lengtii, 3C in. ; weight, 1^ lb. ; diameter of 
cylinder, in,; dmtiiclf'r ctf oiston rrsl, in.; iimximimi length of stroke, 4 in.; weight of the 
striking mass, including 8db. \x)rer-bit, 3,5 lb. ; length ef bn-d, 21 in. 

For bottling the b>t»l, the oub^r end of the red is first flaiteneil, to afford a seat for the nut, 
Fig. 1938. The slot is then cm and fitted tightl}* with a pace of steel K, forged of the required 
8bB(>e for the clamp, and the holder is afterwards Inm**! to receive the tool wrhile the clamp is in 
place. This clamp K is then taken out, its fitting eojsotl a little, and its end screwtHi and fitted 
wiUi a nut. When returiiiHl to its place in the holder the clamp, in consequence of the clearance, 
can be easily drawn tight against the bsil. by which moans it is firmly held in jwsition. The shank 
of the biol is turned to tit the bottom of the hole, ui)on which the force of the reaction of the blow 
is r(‘C< iverl. 

Tliu absence of a valve or striking gear of any kind on.«surea a high degree of durability, and 
allows a rapid piston sj^eed to be atlopted without risk of injury, whilst as the piston controls its 
own motion, there is no liability b> strike against the cylinder c*iver. 

This drill hus boon much us<hI Ixith in England and on the Continent, and its employment in 
many leading mines has contributed materially to solving the ditficuU problem of increasing tlie 
sjKied of ilriving levels and sitiking shafts by thv employment of rock-boring machinery. 

The Bcbntm Kock Drill, Figs. 1940 to 1942,oonsi8ts of the following sirapio moving |>arl8 ;--d, the 
main piston ; the slide pisU»n and slide; the rotating movement with its piston. Fig. 1941 
snows a longitudinal m'otiou of the machine, and Fig. 1942 a plan with section of the siKle box 
through g MTIion the piston d is in the |>osition shown in Fig, 1941, air, on the coek lieing opened, 
enters the* cylinder e through the port and pressing on tl»e lower end of the piston d, forces it 
backwards, causing the bm^kward stroke. As soon as the piston d has passed the port c, the air 
nishes through that |)ort inb) tho small cylinder g, in <hc slide box. At this moment, when the air 
presses U|)on the np^ier end of the elide piston/, tlio cylinder k in the opposite end of ttie slide box 
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presseB on the upper end of the piston, fr)rcin^ it forward, and thus causing the drill, carried in a 
socket at the extremity of tho piston rod, tr» strike with the impetus of its own weight and all the 
ix>wer of the compressed air against tho rock. As soon as tho piston d has passetl the port i, air 
enters through it into the cylinder k. At this ntbment tho cylinder g communicates with tiie outlet 
8 through the port e and the circular hollow r in the piston rod, and the slide piston with the slide 
is moved back into the same p^ssition, us shown in hHg. 1941. Meanwhile tho piston d has completed 
its stroke ; tho cylinder c' is, through the passage in communication v\ith the outlet s; and 
compressed air again rushing througli the n^-o]>ened passage 6 causes the action just describo<l to be 
.^epfMited so long as tho supply of motive power is kept up. 

It is an important feature in this machine that the slide rod / is made in the form of a double 
spindlc-valvo. By this methotl of construction it remains in position without any recoil until the 
piston d has made the greater part of its stroke. 

As in soino varieties of rock it happens thiit the drill often sticks fast, there is a reversing rod t 
to siuhlcnly reverse the slide, and thus pull the drill out of tho hole. 

With cureless workmen it would frequently liapjMin tint the piston would strike against tho 
lowtir (‘vlinder cover, therefore there is an air cushion at tho lower end of the cylinder. In addition 
to this there are an iron ring and an indiarubber washer, exchanged for one of wrought iron when 
steam is used, with the object of moderating the violence of the shock such blows, inadvertently 
|H3rmitto<l. would cause. 

In orfh*r timt the hole drilled bo perfectly round, it is necessary that the cutting tool should 
partially rotate at each baerkward stroke, m that its cutting edge shall every time strike the rock in 
a fresh place : hut in or<ler not to h^sc any j^»owc*r it must always make its forward stroke without 
rotating. For this purixme a twistcNl bar is employed, connected with a grooved disc p, and a 
hriike q acted ujsui by a small pisUm I, G^mmmiicating from the slide Vx>x with the main cylinder is 
a small |>ort m, by means of wliich tho compre.^sed air exerts a constant jiressiirc upon the upper 
end of tlie piston /. When the main piston d makes its backward stroke, the cylinder c' is in corn- 
inunication with the outlet, and consequently there is no pn ssure on the lower end of the piston /. 
I'he ctinsbuit pressure on the upper end of this piston, therefore, now presses it upon the brake 7, 
which pres8<*s uikiii the disc preventing it from turning, and thus the main piston d is foretKi to 
pariiaily rotate tx)und the twisted bar H<*cureil to the disc. But when the main piston makes its 
forwartl stroke, ami sbmm or compressed air fills the cylinder c\ the m<»tivc fluid enters through the 
ainall pf»rU m m, ami presses on tiie lower end of the piston ^ thus counterbalancing the constant 
pressure on tho tqqK^r end. There Ixing no>v no prc*ssure on the brake 7, the disc p is free to 
rotate, and the [listou d makes its forward stroke without rotating, partially turning the disc as it 
pmcocMls by means of the twisU^l Ixir. 

In nil coses a manual feed is to be recommended, a« in some rocks the drill will occasionally 
stick fast. When this hup|>en8 it takes much longer time to clear tlie onltiug to^d if an automatic 
feo^i is in ums than in sim|>ly giving the handle of a manual feed a turn or two, which is all that is 
necessary b> loos<'n the drill and fK-rinit of tlie Isiring being procee*led with. 3Ioroovor, the work- 
men are never so attentive to their work when they have nothing to do but to h>ok on, as they arc 
when tliey have the miicliiiu; constantly under haiul. Thus, aiuirt from the increased cfiiuplicatioii 
aud greater wear and tear to which even the l>est automatic feed imdion renders any machino 
liable, such a fi'cnl has always Ix'cn found <»hjcctiouable in actual practice. 

Tho f<Mxl can be made as long as desirable, but in the large Bchrum machines it is generally 
8uch ns to enable hoh?H of 9 ft. in length to lie bored without any change of drill ixiints ; but 
the machines arc sonietiiiies made with a shorter fet^d, and consequent nttluetion of weight and 
length. 

Through the perfectly free action of the main piston, and because the motive fluid is admitted 
to tho whole surface of its iip|)er cml, each bb*w is extremely piworful ; mort‘over this free action, 
e^aubined with that of tho slide piston, allows the machine to be run at a very high S{>eeil and enables 
it to be worketi with a very lowr pressure. Its princi|M\l feature, however, is its remarkably small 
consumption of coinprc8-<Kl air, n« an air <'omprcsst»r which would only be able to drive one 
machino construcUnl on the early systems, will easily drive two of 8chmm*8, the diameter of 
cylind<»r lieiug the same in both crises. There l>eing no parts exj^osed to blows, and the principal 
parts l>eing diwtiy actuated by the motive fluid, this iimehine is less liable to wear and tear 
than those of other systems. It should also In* observed that the working parts are all inside tho 
cylimlers. 

Fig. 19‘ld a perspective view of 8chramV rock drill mounted on an adjustable trijiod. 

Assuming tho necessity for u high degree of strength and rigidity in the support ot a rock drill, 
it sliould alsti allow the machine to be readily adjusted to any angle, so that the boles may be boroil 
In the direction and with the inclination rei^iiin d ; otherwise the machine is placed, in this respect, 
at a great ciisad vantage. If a tHOchino drill is not cajxible of boring in any position, and in any 
diroction, hand lalH>ur will liavo to lie employed in conjunction with it, aud such incompleteness iii 
tho work of a machine constitutes a serious objection to its adoption. 

Besides allowing of the desired adjustment of the machine, the support must be itself adjnstablo 
to uneven ground ; as the bottom of a shaft which is U4ng sunk, or the sides, roof, and flixir of a 
hoaditig which is being driven, prosmit great irn^u lari tics of surface, the supjiort must allow of 
ready adjustment. I’hiis tho means by wliieb this is cfloetiHl should bo few and simple. A largo 
protiortioti of the time during which *a machine drill is in use is occupioil in shifting from one 
position or one situation tr» another; and ns this time mluccs in a proportionate degree the 
superiority of macliino over hand labour, in respect of rapidity of execution, it should be shortened 
as far as ixMisible. 

The drill support must be of small dimensions, and snfflciently light to allow of its being easily 
portable in the limited space in which rock drills are U!«ed. AfU>r everv blast tlie 
has to bn — j — 
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carried on without hindrance. A drill support that occupies a large proportion of the free space in 
a shaft or heading is tlius a cause of ineouvonienoe and a sourt^e of serious delay. In underground 
workings, manual jK)wer is generally the only power available, and therefore it is desirable that 
]^th the machine and its supjjort should be of •such weight that each may bo lifted by one 

In spacious headings, such as are driven in railway tunnel work, supports of a special kind may 
be used. In these situations, the conditions of work are different from those which exist in mines. 
The space is less limited, the heading is eommenoed at surface, and the floor laid with a tramway 
and sidings. In such a case, the support may consist of a massive structure mounted upon 



wheels to run upon the rails. This snpport will carry several tnachtnes, and to remove it out of 
the* way when occasion requires, it will be run l>ack on to a siding. But for ordinary mining 
purposes, it is unsuitable. 

The simfd#*st kind of supfsirt is the stretcher bar, Fig. 1914. This consists of a >>ar so c»m- 
stnicteti that it may l>e lengthened or sborten#*d at jdfasim* by means of it screw. It is flxi’ni in 
poi-ilion by s^Tcwing the ends into firm coiibict with the sides, or with the roof and the fl<s>r of a 
);eading. or with the side of a shaft. The ntachine is flx«d to tlds liar by metins of a clamp, which, 
when Irs^scjrn d, slidi s along the bar and allows tlic drill to l>e plactnl in tlss rtquir* d fsisition, ami 
to }>e dirt*crte<i at the nquired angle. The stretcher Uir, Fig. 19*44, is that which is used with the 
Sebram drill; in it rigidity and lightness are combimd in the higln^st |»os^lble d« gre«* by adopting 
the hollow faction. The Tn«<]e of Mdting the stn tchcr l«ir in a shaft is tndi('ate«] in Fig. 1SH5; in 
thirt ea.-e two drills are worked u{<r>n the same bar. A similar nKsle of fixing the bar is ariopttH) in 
a heiidiog; but the usually sinalhr dimensions of the latU'r excavations render it tiiconveiiient l<i 
woik two clriiU uj>on r»ne bar. 

In headings, a more wdisfactory siipi^ort is aifordrd by a bar suitably fnrmnted upon a carriai^ 
desij^ied to run uprm rails. Tlie carriage consists sirofdv of a trolly, to the fore fsirt r»f which the 
bar is fixed by some kind of hinp; joint. It 10 obvious that the details of the construction of this 
anpj^rt n»av ha varied considerably, and numerous designs have been introduced and adopted. 

Kchrsnrs carriage sufqiort, or gliding ear, for driving galktriea and heariinga, ia ahown in 
Fig. 1940 : it consists of two vertical strebdu rs, on which Ure rrick-lioring madiinoa are arrangtd, 
and from which they may bo dircebd at any desired angle. Each carriage will acxx>nimod«te from 
two Ui four mac bines. 

When the carriage ia at the working face, the stretchera, which during the removal have been 
lifbd by means of nut«<, arc lowered rm to a pi#*cc of hard wo^ ; the airctebera are them fastened by 
uppf r wTews, a pirce of wo^ having first fixi-d aliove their crowna. When the main air-pipe 
is coniifctefl with the ferriage, the machine may be levelled to any desired height, and when 
fixed by the univcranl joints to which the machines are attached, Uio boring may at once eom- 

menc(;. 

When sll the holes are bored, and the suppcfrt mnst lie remov^, the atreieheiw 
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enoufifh to allow the Btretchers to remain upright while the Biipport is removed, it is only neces- 
sary to remove the screws by which they are held, and the stretchers can bo laid back on the 
carriage. 

It will be seen that this support is easily fixed and removed, and that it allows a free space for 
the boring machines and the workmen, while the machines may bo directed at any desired angle. 
There is no doubt a great advantage in working with two 
separate supports, for when the d^ris from one side has l>een 
removed, the boring can be recommenced with one support 
wliile the other side is being cleared, and thus a considerable 
saving of time may bo effected. 

For open wora, as in quarrying, where the stretcher bar 
cauuok be uschI to steady the machine, heavy weights are some- 
times hung uj)Oii the legs of the tripod, and for the boring of 
vertical holes, the supfKirts generally employed are tripods. 

One attached to the niachinc, Fig. 1943, consists of three legs 
jointed on to an iron frame. The front portion of this frame 
is a cylinder on which the rock->x)ring machine is held by 
means of a movable universal joint. Kach leg can be easily 
lengthened or shorbrned by a telescopic arrangement, so as to 
suit any ine<| utilities of the ground ; and so long as the weight 
of the machine is kt-pt behind the two front legs of the tripeni, 
holes can Ik? drilled vertically or at any slant. 

Other iiiuehines are fititni with threv h gs, so that a sepa- 
rate universal joint and tripod are unnecessary. This form 
is admiruhly adapted for quarrying and workings where a 
large number of small holes are required, as one man can 
coraforttibly move al>out and fix the entire apparatus wherever 
dchirfible. When it is ncxies-sary to bore hides close tii a per- 
pendicular wall of DKik, the hack leg can be removed and the 
iiiiichine allowed to rest against the rexk on its twr> front legs; 
in this wa}" holes may lx; drilled at the very f<K>t of the straight 
wall. 







A long, low sup|)ort for drilling horizontal holes, with a very great resisting |X)wer being placed 
in its n ar, can also often lie employeil to advunhige. 

In lioring holes in a horizontal or downward ilireetion for wliich water must bo used, it is 
advisable to etuphiy compressed air t»> inject it. This c*au easily be done by having a wroiigbt-iron 



air-tight cisicm, either miming separately on wheels or attached to tho ^riage, into which com- 
pri'ssed air is a<lmiltcil by a bmnch fn>in the main air tubing. From this the water is led to the 
face by moans of fiexible tulies, furnishcsl with cocks, allowing a thin stream to In? forced into tlio 
holes by the air pressure on the surfare of the water in tho cistern. Tho attendance of a man or 
boy to apply this water injector may l>e dispensed with, by clamping the nozzle or cock-piece to a 
universal clip working on an iixxl rod, which, resting against the side or face of the rock, allows the 
jet of w^atcT to be directed into and in a straight line with tlie hole being boretl. 

When maohtnos driven by oompressod air igre worked at any distance from the compressor, it is 
neo€*ssary to have an extra air receiver a shori distance from the face, in order to counteract tho 
draw or friction ibzough the tubes, espe<dally if these ore of small diameter. 

It is sometimes the cose Uiat winches and other machinery in different parts or a mine are 
driven by compressed air, conveyed in bmnch pipes from the main tubing. In such cases separate 
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air receivers are very necessary, as all lluitls have a tendenejr to rush with the greatest velocity to 
the largest outlet: and, without receivers to equalize the iHstrihution, machines oimsutning the 
least quantity of air would be insufficiently supplied. ^ ^ 

Fig. 1947 is an elevation of a complete boring plant, arranged for driving a level and shaft 
sinking simultaneously, a is the boiler ; 6, air compressor worked by steam engine witb cranks at 



right angles ; h\ connec^ting pipe between air compn siv>r and air > , air r» eriver fitted with 

safety valve and pressure gauge ; d. air pipe down shaft ; c, small air n ceivi r, at jiinetinn of k‘\C‘l 
with main shaft, to distribute air; /, air distributor to distribute air to two or more machines: iu 
flexible iiuliarubber liose : A, rock drills nmunted on stretchers i ; A, nx*k ilrill for s}»aft sinking 
connected with main pi|je by flexible hotw J; /, half length of slrtteher used ft>r sliaft hiuking. 

In ordt r ventilate the face of a heading, it is well to lay a brancli length of tubing from the 
main tubing to the face, with a wrk at the junction, so that after blasting, when the air is not for 
the time rcvpiired for the ls>ring machines, this rr>ok can bi? ojamed anti the noxi'iUM funi« s fn»in the 
explosives driven out from the face. If this plan is not followi d, either the wurkna'ii must remain 
itlle for some time, or else the intlinrnbl»er host? must Ik* c^trried up to the fut'i; thnaigh all the 
smoke ami bad gases, and thus Ik? < x|>ot*e<l to coiibitierahle tlamage and knocking about. For the 
hnincb tubing, <M im|M‘r(ect j.ipes may ls> iitiliz<*t]. 

In o}»-n blasting abovt* ground, in n uTiy places where the tpiantit y tvf wi>rk tlone is not very jfreaf, 
as in small quarrie-*, and the like*, r»>ck-lKiring muchinf'S an* often frt»m various causes wt^kcnl dinK*t*y 
by sham. tiutugh somt* rt>ck-lK»ring maebines work utlndrably with steam for the motor, and 

though by uMDg it instead of conif>resse<i air, the saving in fuel is often as much as from ,^i0 GO 
XHT Cent., it is generally lelvantug* euis i.n einph^y air, VVlien the riiacltirti s are cold, ns is always 
th»‘ cai-e ill workirig witli air, they are much ease r to fix tlian when heated with steniii ; tfio 
ofHirator i.-^ not iTjconvenience<l ly the exliaust steam; the machines r<N|uire less lul>ricating : and 
the hoM* will last considerably longer. Sunuoing up tl»es^? advaiitiigcs, it will lx* found that 
the saving in r>il, in hose, and in tie? time ticctipieil in fixing the inaehirms, more than counter- 
balarice.s the increa.-ed ron«i!rii[»tiori of coal, and in a short time defrays the cost of an air ciunpriY^Hor. 
If there Is* availahb* water pf;wer to drive the cojnpn>s#ir, of course tlie udviintago is all on the side 
of air. Morf over, if steam Is parri<**l a long way. large tuU*.s must Ik* tistsl, and the prossuro tii 
also materially re^luced ; and ev»?ry rock-lsuiug machine works iM-tlcr at a low pressuru when 
driven by r oinftr* 8»ed air than it d<xi« when steam is iiserl. 

It is almost invariably found that whenever hand borers first commence^ use tnachinoii, they 
endeavour to h llow their old custom r>f putting in holes herr? and there iiuliiicriTiiinahdy ; this 
miLst at once b(? htr»p|>ed, and regular systematic working iiieist^Kl ujK)n. For instance, in open 
blasting they must proce<*d in steps, or tiers, and bore the hoh*« in rows. Ily so doing the tohil 
result of the blasting is^ iiiflnitely gT€?;*ter, lx*canse the holes htt\<} a IxdtiT gfmanil eflioct; 
and a grxsl fdoce for fixing the machines licing alwats x>to<’tired, there is a gmit saving in 
time. 

d he rows of holes should, in infiist casen, U* disi hurged by electricity, ho that through their 
simultaneous e.xfjlosion the greattist pi'nsihle efiTect Ite obUiijie<i. Isolatc^i holes not connectod with 
tiie system may be fired one atU r another by safety fuse. 
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For large oxoavationa it ia aclviaablo to boro holes of a largo diameter, 
from 10 to 15 ft. <:lei?p, using a largo-sizod machine on a lieavy tripod ; but 
in ortlinary where the most advantageous holes are those of from 5 to 

6 ft. ileep a smaller machine, made wdth tlio legs fixed directly on to it, 
which one workman can easily handle and fix wherever desirable, is the 
best. 

For quarrying very large blocks of stone, special supports adapted to 
the nature of the work imist sometimes Ixs employed, though tins small 
tnaoliincs with legs, just meniioncMl, will generally lx* fiunid sufllcieut. The 
plan ffillowcnl, when the quarry is nro|>erly kept so as to have two sides 
open, is to }x>re a row of holes [mrallel with the face, ami then to discharge 
them siraiiltancouHly hy electricity. Jly this uieans an eflect not to be pro- 
duct d byanj' other means i.s ohlaiucd. the superiftrity of which is cniiuent. 
Cireat jmlgnieiit is requisite in charging these holes, so as to Ioomui the 
mass of stone without spbtting it up; and if the exjx'rience that can 
alone dcteriiiine the t xact charge is lacking, it is far be*tter to under- lojid 
tiiari to <»vei'-l<iu<l tlu'iri. 

There are several difl’erent sha]>es of drill-bits used in machine boring. 
Wo have alrently referrid to this part of (ho subject in the article on 
Blasting, p. 132. 

Wheru'ver machinery is employed in rrs'k-getting operations, the holes 
should invariahly he lK)ri*d as dtn p os iiossilde, that is to say, as deep ns 
the cxidosives will prcxluce a satisfaetory result. For inslaiiee, if holes 

1 yd. Jeep are drilled in a gtillery, ami after proper blasting b uve .^tickets 
of 1 ft., it is a proof that lliev are to(i de<*p, and then shorter holes, say of 

2 ft. 6 in., must he tried. The advantage of deep holes is that ihcrchy a 



t 







twofoUl saving is offei'tocl ; the gain in time by reason of the fewer 
fixings and removals of the tuaehiuos; and the diminulion of working 

In millcrios, hcMulings, and shafts, it is alw’ays iu>cessary, unless the 
whole face can flretl at oueo by moans of olectricitv, to first bhtst out 
one }x>rtifm of tlio rock so as to lilx'ratc Ibo remamdor. In so dtdng advan- 
tngo must lx> taken of any natural features such as slips, shakes, veins, 
bods, facings, or wads, which the stone may present ; the ni«Hloof proceeding 
will of cotitbc vary «iccording lo the circumstances. 
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When the rock is solid it will ^nerally bo found most advantagoous to boro rows of holes 
directed towards the centre, to be fired before the side holes, which they are intended to liberate. 
Those liberating holes for the most ])art require charging a little heavier than tho side holes. 

The rate of progress which is possible by using rock drills instead of hand labour is exoee<lingly 
difficult to estimate, inasmuch as it depends to so large an extent upon tho local peculiarity of 
a rock, wliich is an ever- varying quantity. No calculation can l)o based upon the statement that 
a given rock drill will bore a certain number of boles the given depth in granite in a minute, 
since there are no two granites alike, either in composition or mechanical structure, whilst it is a 
well-known fact that granite is by no means the Imrtlest or most difficult rock with which an 
engineer has to deal. As an approximate guide, however, the following data obtained from 
practice with one g<K>d rock drill of modem construction, having a cylinder of 2j in. diameter, and 
working in a level of 7' by 7', is of interest ; the time occupied in each case was four weeks, the 
explosive dynamite. 

Progress maue with one Rook Dbill. 
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ROLLING STOCK. 

The improvements which have been effected in the construction of passi^ngor rolling 
since the intnKluction of railways are very coiisidemble, but imvvhere is this more noticeable than in 
tho case of thir*l-class carriages. At first the thinl-clnss carriages cmploytHl for short distances 
were simply open trucks, without any seating acooiunuxiation ; for hnigcr journeys seats wt*rc pro- 
vided, but no kind of protection from the? weather, or from the dust, or sparks from the engine, 
Nf?w we tind the third-class carriages on many lines rtvnlling in comfort and convenienct' tho 
accommodation provided for first and se<*ond-class pasM?ngcrs. 

In the prc'sent article we have endeavoureil to present as large a numl>er as |>o8sible of tho 
different ty|iOs of British, 0?»ntini‘ntal. ami Ameriean passenger carriages ami gorsls waggons, so as 
to show the pre.M'iit most ap[>roved and gcnemlly (imetiseil mctho<ls of coiistructir>n, rather tlian an 
elahorntc treatise on the scKntific princijth^s of construction. 

For passenger traffic, long carriages will l>e found to run very much easier and steadier than 
short ones : while in oast s of collision tln*}^ are considerably safer, l>eing not nearly S4> likely to mount 
on f-^iich t»ther as the shorbT and consequently lighU^r carriages. This fact is vei^' generally 
recognizetl at the pre-sent day ; for wh(*reas foruitTly all j»a>s€‘nger carriages wen* carriotl oi> four- 
whitded underframes, the* tirst-ciass carriages consisting <»f thn-e cimipartments, ami tliewxrofnl and 
third usually of four crmipartments each, we now’ fiml tho carriage.-s constructed with five, six, or 
more coinfmrtne nts e;ich, carrietl on underfrantes 8Up|K>rbd hy six wheels, (»r by two four-whet led 
Ixigie trucks plactnl near the ends of tlie un lerfnime; and lx*sides thi.s increase in the number of 
compartments, the several of>m|»iirtments are now much lojiger limn they wore formerly made, which 
still further incrt*a»es the length of the carriage. 

As regards the so:;iting of |jassengers, the safest way, though not tlio most iXMdable, is 

that aih^ftctl in omniliuses or tram-ears, namely, longitudiniilly, shmildiT to slioulder, iusttad of face 
or back to the engine; the ri.nk of serious injury from any violent concussion being much less 
with the farmer methtAi of st ating than with tlu? latter. 

I’iie uiiderframe is the fuiindation of the \ chicle ; it should l^e simple, dimible, ami »trr>ng, triasily 
repaired, ('a*ily maiitiainetl, anti should carry its bsid anti re.-'ist c«»m*UH-tionM withmit injury f»r altera- 
tion of ff)rm. The altenitions of form to which umlerframes are most liiible are, hogging, or drcx*p- 
ing at the ends, ri.ning at the midtlle like the back of a h«»g : anti gt*ing outf>f sf{nare borizontaliy, »u 
that liie frame ceases to Ih? rectangular. lb»th of thost? affections an? iiijuruajs, the first chielly 
Wcauftc it stiYiins the hotly, or upfST works, hsn^ nmg th<? j<»iiits, splitting the [>aiiels, ami jniiiming 
the dr»or.H ; the st^-cond Is'Caiise it alH<,> strain.s thelssly, ami Is-sides d**ranges the W'lo-^-ls ami axh^s, 
cau.-»ing iiT'-giilar inovtunents on the r.»ils. One gr» at ami priru'iisd cause of hogging ari.**i?s frrau 
the fr.iine Isnng une<]ualiy Hupf»orttr<l ))\ the springs; as, for » xample, when the centff*« of the axica 
are ttfO near, leaving the ends insutlieiently hUi>porU?d. Hogging may Im* partially chi*ckc«l by 
jdaeing the heart side of the solo iip(><?rmost, and oy placing the whi'cl ci nlres hulfict«-titl> fara|>ail, 
at u littlf? ov<sr halflho U>tiil length of the underfruiiie ; or it rimy la* < ntirtdy prcvnilcil by wtitfon- 
ing the frame with iron plates, or by trussing. I'lie roiidttions ncc< s#itiry t4» 1st fulfitlisl in order to 
obbiin a strong, simple, and durable iiiiderfraiue are, that it shall be simple in its arraiigeiuoiits, few 
in it.s parts, direct in its cronnecUons, ami cotupleUdy flefcmb d by spririgo. 

11 herii atul Axks . — The bmly of the wheel ahould be tnd«'fs?ndeiit of the lire for its form and 
strength, so uu to remain iinulb’rablc whatever may la* the c<mdition of the tire. Ff>r this roaaotit 
the BfXikes of tho whe<fl should be suffioieiitly numerous mainiatn the rim itifiexible; a 3-ft. wln-el 
having a minimum «>f eight siKikea, which would give, at the rim of the wheel. int^^rvaU of 12 iti. 
betwex'ii the s)>okes. Disc wheels are, however, much to lie iintferrcd to spoke wheals, as they may 
l>e more himply made, and afibrd a oontinuous bearing to tho tiie. 

1 he tirt', or wearing fiari, should bo quite distinct fioin tho liody of the wheel, so as to ba 
reafiily renewable, and should consist of a rigid ring, castable of prewarvitig its fortn aveu aftaf it is 
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well worn. The most usually employed material, both for tires and axles, at the present time, is 
Bessemer steel. 

The bo<ly of the wheel should possess some amount of elasticity, so as to cushion the blows 
radially, and to resist those from lateral concussions; a condition which is admirably fulfilled by 
Mansell's wooden disc wheels. 

The necc^ssary variations in the diameter of the axle should be made gradually by a series of 
undulations or curves ; not suddenly, by steps : so that the elasticity of the axle may Ije uniform, 
and the pulsations by concussion uninterrupted. The fulfilment of this condition greatly promotes 
tlie durability of the axle, a square neck or shoulder being an incipient fracture, which sooner or 
later is sure to produce failure in the axle. 

Axle Boxes, — Axle boxes are in good working order when the lubrication is free and constant : 
when there is no heating, no waste of grease ; when the external dust and grit are excluded ; when 
there is no lurching fore and aft, and no injurious end play. In order to fulfil these conditions, the 
bush should fit c^asUy upon the journal, and should be tight nowhere ; the grease chamber should 
be oa|>aclous and kept full of grease ; the grefiso holes should be wide, and should be occasionally 
probed to clear the passages ; the axle Ik)x should be entirely closed upon the journal ; and there 
should be provision for readily oornpensaiing the end wear. 

Axle boxes should be of toughened cast iron, and they may be in one main casting, in two cast- 
ings, or in three. The fewer the pieces, the less is the probability of loose working or noisiness; 
but tile less is the convenience also, for by casting the cover and the bottom sofMirately from the 
i^fsly of the box, they may be removtHi at any time, and the interior freely inBpecte<l and cleaned 
out; while by properly fitting and fixing the ca.stings together, the c/iver Ix^ing hfld down simply 
by the spring, and the bolh^m fixed up by two Ijolts and cotters, with a thin packing of leather or 
hemp to take off the concussions, a practically tight and solid l>ox is obtained. 

Tlie guiding grooves on the outside of tlie axle box should lx* of the full depth of the box, to 
ensure steadiness, particularly if the spring lx.* not bolted to the box ; they should lx; only just slack, 
longitudiiiuliy, Ixdwoim the horns of the guard, so us to keep the axles sr]uare; and forliigh spec?<ls 
(hey should lx? only ^ in. widvr than the thickness of the guard, laterally ; but ft>r low speeds, of 
under 20 miles an hour, they niay be } in. wider, as the lateral freedom steadies the motion, and 
rciluci'H the tnvetive |Miwer requirtnl. 

Jh itriiyi Sprimjf :. — The h4*aring springs are fr^rmed of steel plates, of a general width of 3 in., by 

in. thick ; the top and iMittoru lK*ing f in. thick, and the numlx;r of plates nine or ten. The 
springs have usually, in addition, a tension plate of wrought iron, J in. thick, p]ac<,^d upon the top 
phiU^ : eyes are worlvcd iu tlic ends of this tt iision plate to receive the suspcmliug links, which are 
pinned to them and t.«i the scroll irons, these latter Ix ing simply plain wrought-irou brackets, which 
arc Ix^lUxi to the underfrarne. The ordinary length of the springs, when weighted, is about 
5 ft. 3 in., the tension plates 5 ft. 6 in, to the centres of the e>es, and the scroll irons <> ft. apart 
Wtwci'ii the centn‘8. 

The spring shnuhl not U' IioIPkI rigidly to the axle lx»x, but f-hould be simply placed uj>on 
it, lo promote free action, and sufiicieiitly chtvkcil t4> prevent lateral displacement. 

Axle iitmnh . — Axle guards, or horn phites, are fornie<i of wrought-iron plate, I in. to J in. thick, 
and arc boU<d hi the inside of the suit* soles, and they are geiiendlv made of the ft»rm known as tho 
w In these tho guanis are iisnnlly of bur iron 3 in. wi<ie, doubled uj> at the forge to form tlie 
guides or horns, ami with wing^ of bur iron 2| in. lo 3 in. broad, welded to the guides near their 
low«»r end.s, and carried up with a spn^ml t4) join the side solcs ; the guards l>eiug ^ iu, thick, 
and mTiired to the side soles hy Isilts and nuts, thrt e in the bend and two in * aeh 

wing, making s<*ven in all. Tlie exlrt ine Isdt.H in each guard may be as much as 3 ft. apart ; 
for the fatlher ai>art the more c«*nimaml they have over the wheels and axles. Liiterally, 
their HtifTness dcjHMid« on the tiepth i»f th*-ir hold u}x.>n the side »oh*s, and they slnmld 
tlicn fore he applied for its whole tieptlt, or much of it ns may la? convenient. Be.sides tho 
sjirt^ad, the solidity of the bolt fastenings i> to W regtinle<l. If the bf)lt iteads lx; received, on the 
outside, meridy cm washer.^ tin y are likt ly to work in tlu? limlHr, which i.s wanting in firm- 

ness to n sisl tin* tendency of the Indt holes to wearovnlly. I'lie bolt heiwls should he rt^ceived U])oa 
large' washer plate's, \ iej. thi<‘k, cnunteT|«irts, in fact, of the bearing surfui'c of the.; guards inside; 
these* washer plates, e inbraediig a Inrp* surface e*f timlH r. be ar se^lielly anti firmly, aiul keep the bolts 
light. A still better plan, Udh for simplicity anel firmness, is to t^tver the wlude* area of the side 
sole tit C4icli guarei with she'i t iron to the elcpth of the sole ; or where the side soles arc plated over 
their whole length ami depth, for tlmgriieral purjiosc of strongth and simplicity, no washer plates 
are retpiireel at all, and at the same time the lx!«t j>ossihlc surface is a(ri»rdcd for Ixilt hoKl. 

*j'he emls of each bar are tied together by u stmp btilmd to them, and it is common also to 
connect tho guaixls. on each aide f»f the vehicle, rfritli a IJ-in. round tie rod, in ordi r to stiffen 
the guards and to assist tlic frame; this iie-itHi Ixdng formed either in one forging with the straps, 
or scipanitidy IsdUvl. Tho sepamte nttachiiunt is la'tter then the continuous forging, as the straps 
may in the Vortner case Ik* inori* conv«‘niently rcmoveci when the wliet ls and axles have to ht* taken 
out; ht sides which, when tin* continuous forging is rcinoveti, the underfrarne obeys its natural 
tcncieficy to collapse, or hog, ami cHuisequciitly it is troublesome to ri'place the tie. 

Bv^mtj fiwd SpHtyjS , — TluMse springs vary iHinsMerahly, Indh in their form and material. 

Bometimes launnatcfl st(*i*l springs, similar to the bearing springs, art* t‘mployed; in other eases, 
they are forimxl o( circular <liscs of indtarnbV>or, those discs being strung ujhui the bufting or dniw 
rtxls, ami the se|*anite dis«’s Udug kept from contact by riiosns of tliin platcx of inctid placet! Ihj- 
tween tlu^ni. A thinl form of spring employed is the helical or spiral spring, which is formetl 
of a rtni of sttxd iwiste<l into a coil <ir vohiU\ the section of the steel n^l heing uMially circular, but 
sometimes oval ; the volute pro|>er is ma<le of a pluto of steel twisted into a coil. In sotuectiscs one 
set of springs are made to do duty lioth as drawing and bulling springs. 

Further particulars concerning, and remarks upon the vou&truction of, wheels and axles, and 
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springs, will be fouiul under the head of Goode Waggoiie, and in the article Axles and Axle 
Boxes in this Dictionary. 

Figs. 1948 to 1951 relate to a second-class carriage of the Great Eastern Railway, fitted 
with the Westinghouse automatic brake. This carriage is divided into five compartments, and 
is r arried on six wheels, the end pairs and tliose in the centre being somewliat differently mounted. 
The materials employed in the ctinstruction of the carriages of which this is a type are throughout 
of the very best quality, and the workmanship and style of finish are altogether of a very superior 
description, so that the carriages are excellent specimens of the present style of passenger rolling 
Htt>ck construction. Fig. 1948 is a half side elevation and half longitudinal section ; Fig. 1949 a 
half end elevation end half cross section ; Fig. 1950 a i-ross section showing attaclimcnt of brake 
blocks, and Fig. 1951 a half plan of bottom framing and half plan of interior of carriage. 

The principal dimensions of this carriage are as follows; — 


ft. in. 

liCmgth of bottom frame over head- 


stof'ks 31 5 

Width „ „ 7 10 

li« ngth over all 34 11 

Width over sole liars 7 

,, „ hottnin stejiboard ., .. 8 4 

« „ top „ .... 8 8 

Dintanci* hetween centres of huffera .. 5 8 

Heigid tif centres of huffers aliove level 

of mils 3 5 

,, bottom stepboard al>ovc level 

of rails 1 OJ 

top steplKuird uhuve h;vel of 

rails .. .. .. 3 2J 

Ls*nglh of body 31 0 

Widtli 7 0 

Heiglit „ outhhle, at sides ,. 0 4 


Height of boily outside, at centre 
„ ,, inside, at sides .. 

„ „ „ at centre 

Whlth of each compartment 
Total height alxjve leve l of rails 

Diiiiin ter of whor ls 

Distance between wheel centres 

Total wheel base 

Width of tires 

Itislancr* Ixftw een cr'ntrt s of journals 

Diameter of journals 

l.eiigth „ 

Diameter of axle at centre 

„ „ whei l .‘•eat .. 

.. „ back of wheel srnit 

Distance between guards centre wheels 
ij ft ?» end ,, 


ft. 

7 

0 

0 

0 

11 

3 

10 

20 

0 

0 

0 

0 

0 

0 

0 

7 

0 


In. 

0 

I 

U 

7 

Oi 

0 

0 


"h 

3^ 

8 

.">1 


Oi 

li 


The und<*rframing is constructed of well-sr nsonerl X(»rth American white rvak, and consists of 
ftole-liars A, 9J in. deep by 4i in. wide, plueod 0 ft. 3i in. u[iart. an angle iron B, of BB Stafford- 
shire iron, 4i in. hy 3.J in* hy i in., being recessed into inch of them at the outer Ixdtom angle. 




1950. 




The hcaii^tocks C are 4 in. wide by 11 in. deep 
at the centre and Id in. at the ends. Four cioss 
Warers D, 10 in. hy 4 in. ; four diagonals E, 
Id ill. by 24 in. ; four end loiiL'itudinals F, 10 in. 
by 2i in. by 7 It. 14 in. ; and fcix intermediato 
timbers G, io in. by 34 in, by 8 ft. 2 in., and 
four (*', 10 in. by 3.} in. hy 3 fl. All of these 
timlH'rs uiv framed together with mortises, tenons, 
joints and ironwork, tin* wlioie well fitted, ami 
bedded in white-lead, and boiiuil together with 
wronght-iron corner knees, and straps, fixed with 
J-iii. Ixdts, and J-in. tie-ro<l.s, seouretl with nuts 
bearing on washer plates. Each })ii ce is marked 
from a t4 luplate, so as to be interchangeable with 
tiny Mrnilar pu‘ce from anotlu'r frame. 

The tires and axles are of liei>t Bessemer steel ; 
the bwly of tlie whc'cl being of dry, well-seasoned 
Monlmein teak. The Imss and washers are of 
eold blast iron; and the sustaining rings of liest 
Bow moor iron, interchangiiihle, «lrilled, and turned to gauge and template. The tires are 2^ in. 
thick and 3 ft. OJ in. diameter on tluf trend; and they art^ forced cold iqwn the wh<^‘ls with a 
preshure of 200 tons, the wheels Ixjng fomnl on the axles with a j>res>nre of 40 hms and keyed. 

I'lie tin*a are tested by taking one out of every fifty, and pressing it, when l old, into an oval 
form, hy hydraulic power, when it must bocajmhlo of be aring, without fracture, a compression of 2 in. 
for each ftsit of external dinincter. The axles are ca]>ab]e of standing, w ithout fmeture, five blows 
from a 2000db. weight, falling from n height of 20 ft, the axle Ixiug phieeil on l>eariugs 3 ft. G in. 
ajmrt, and turned after eaidi blow. 

The axle luixes are of oast iron, in two parts, and are socured by J-in. bolts, the bnisses being 
i iiL thick. Theso boxes arc intended for luhricaliug with oil. 



988 


BOLLING STOCK. 


The axle guards ere of BB Staffordshire iron, f in. tiiiek ; the end guards being sccur^ inside 
the soles at 20 ft. centres, and the centre guards stiffened by angle iron S in. by 2 in. by | in., fixed 
outsido by j-in. bolts. 

The li^aring springs at each end consist each of ten plates J in. thick and Si in. wide ; the 
springs to the centre wheels consisting of nine J-in. plati^s and J-in. iron t>aeking piece ; the eyes 
being forged solid on the top plate. The top plate of each spring, wJien straight measurers 7 ft. 
from ctmtre to centre of eyes. The spring buckles are made of best Yorkshire iron, and are 8J in. 
wide by i in. thick, the bottom being | in. thick to clip the axle Ijox. The centre spring buckle 
has a spherical Imiring at bottom working in a recess on top of axle l>ox ; a g-in. rivet of the best 
cast spiing steel, made from Swedish iron, passing through the centre. Each spring is tested with 
sU>ain anti a dead weight, until all the camber is t^on out, after which it must, upon being released, 
resume its original form. 

The draw gear is made of Yorkshire best iron ; the draw bar being 1} in. in diameter at centre ; 
the side chains | in. in diameter; the screw coupling links 1 in. in diameter, with screw 1| in. in 
diameter, and five threads to the inch. 

The buffer springs are of indiarubber ; there being, in each spring, ten nibl>cr8 4i in. by 2J in., 
and the discs sef)araUd by washers in. thick. The buffer heads arc of wrought iron, 12 in. in 
diameter anti in. thick at the o<lge. Tlie buffer rods are turned 2^ in. in diameter for a length of 
2 ft. 6 in. from the back of bufler head, the midiUc i>art 1 J in. square, and the ends turned to a 
diameter of in. to receive the buffer springs. 

The IhxIv framing is of pitch pine ; with the exception of the comer and standing pillars, 
upright battens of end framing, and eU)Ow rails, which arc of lH>st Dantzic oak ; and the top light 
rails, which are of Mtmlincin teak. The out»ide panels and mouldings ore of In^st teak, foriiior 
being full ? in. thick; these panels and mouldings lH*ing fixed wiih ci»p|H‘P earriago pins. The 
inside casing is of J-in. pine boards, and the partitions of l»est Petersburg deals. The rtiK>rlsuu'ds are 
of best Pt terwburg deals, in two layers, 1 J in. thick when hnishetl ; the b#<irds ladng laiil diagonally, 
and put together with 3-in. ecrt'ws. No. Id. All joints have a WMit of white-h^a*! Ix'fore Indng put 
U»gether ; and the Kdtom, sides, and pillars are l»ound together with wrought-iroii knees. The 
body is cushioned with Sj»encer’8 indiarubl>er springs. The windows and sido lights arc fitted 
with best ixdi.'jbed pbiie glass in, thick ; the side lights having indiarubbt‘r strips on l»oth sides 
of tbe glass in lieu of putty. 

Two continuous f(X)tstep8 of pitch pine, 1 J in. thick, arc provided on each side f>f tlic carriage. 

Tlic hr»op-sticks of the roof are of best ash, cut to the camber of the rftf>f ; the arch raihs piUrh 
pine; r<x)f Ixwrds of best Petersburg deals, J in. thick, tongnetl and gnKivc<l, ancl secured to la<>p- 
sticks with IJ-in. screws. No, Id. The naif receives five c«iat.** of st<»iit lead {mint before being 
covered with n>oting canvas, anil thou five coats of wbite-leMd paint on tbe canvas; tbe latUr Ixiiig 
carefully brought over the edge of the nv>f and secured under tbe gutter. 

Tbe internal fittiug.s comprise curtains, hat cord-s, parcel netting, mils, ainl bracket, and 
carpets. The backs and cueiJiions of seat.** are stuficti with horM*hair ; and padded arm r* sts an* 
provided at each end urnler the wimlnw.s. Two compartments, res<*rv<il for smokers, are covertnl 
with black horsehair cloth, and the remaining three with grr-en Utrecht vtdvet. Ventilators are 
place»l over each door and each side light; these ventilators Ixing covered outside with a metal 
hood cv|H*ii at the l>otb-m ; the inside consistingof two perfomb d ptuu Is. one tixi d, the ^dher sliding, 
BO as to l>e ckwed or opened at pleasure. The smoking coinjmrtments have smoking tablets fixed on 
tlie outside of tiie quarter lights. Kach compartmc’iit is fitted with an H-iii. nstf lamf». 

The carriage fitted w*ith the Westinghouse automatic bmke. All boles in the brakework and 
blocks are drilled, pins turned, and wc'iiring parts case-hardened; tbe main pifs'S are of iron. 
sie^am pipr* quality, ami the smaller pi|K*s of best H<»fl copt>er s<»lid drawn, i in, oulsiile dtaiiu ter. 
No. 11 li.W.tf. thick. The brake* is testtd, when complettil, %vilb au air pressure of 1(K) lb. to the 
square inch : under wlihh pn*s8urc it must show no bakuge, and must eome on, or off, pnunptly. 

All ironwork is of l>est liaritrncrcd scrap iron ; and all lydtsund nuts are of Whitworth’s standunl 
thrt ad ; iiiib ss rdherwifx* sfHxdfi*"*!. 

The wofkhvork of the wheels has four co<it« of vami.sh ; the 1 x)sm and rings ur»* ]minicd black, 
and varnisbcsl ; and the axles and out» r e^lgc*8 of the tires are painteii white. Tin* springs, 
stef>iKmrds, and axle lioxes have two cr*titH of lead cobnir, and one c<»al c»f oil bl.nck : tlie iroiiw*»rk 
on nndcrfntme recedves two <v»ats of ]e*id colour, two coats of bniize gnen, and lastly two cvnits of 
varnish. Care is t;iken that all dirt, rust, and scale i.s removed friun the ironwc»rk Isdore painting'. 

The inb rior is painted as fo) low's ; — The knots in deal arc^ first knotteil, then <»rie cr»at of 
fiesh colour all over, then well sand-pai>ered and pnttieil, ami afterwanis two coats of ground 
colour ; the pirtilions and ends Ixung cream colour, ami the othiT jiortions grained leak ; the whole 
hiiilly rece iving two coats of gord first ccatting Isxly varnish. The interior of the rmif has Iwi* coats 
of oil white, and one coat of flat white. The floor is lead colour. The lap plates, corner plates, 
doorway plates, &c., are painted and grained teak. The inside* of doors, ami round the side lights 
are well French {Mdished ; and the wo<dwf»rk underneath the scats i« painti'd lead colour. 

A cotnfosite carriage of the <ir(3at Western Kailway, built at the coin[>an>*s %v<»rks at Swindon, 
from the designs of Jr>seph Annatrowg, is shown in Figs. P.f52 to 1354. Fig. 13.52 is a lialf side 
elevation and half longitudinal section. Fig. 1354 is a half end elevation and half cross w*<'tion, and 
Fig. 13,53 is a half plan of framing ancl a half soctioiml plan of interior. This carriage is cairif d on 
two four-wheeled l>ogies, arranged with side pivots, that is, a pivot Pat the centre.* of tmrh htfJo 
iranie of the Ixrgtc, this arrangement hcu'ng adopted in order to chc*ck the tendency to oscillation 
which is often found to exist in Uigtes with a single centre pin. Two pairs of springs H arc^ currii d 
on »ich ls>gie, one t>®ir on each side frame Ixdng fa-Htened to the same pivot. Kacli pair of Ihtaie 
springs are conneebd at their ends by one pin fiassing through the two of^posile eyes, the se pins 
^irrying the susf>ended links L by which the carriage is supiwried, the weight Mng inkoii mmi 
the busis-ndmg links hy the heavy wrought-iron hanger bars B, which paiw down beiwc*eti the two 



989 










990 


POLLING STOCK. 


side plates of the bogie framing, and there receiro the ends of the cye-boHs carrying the suspending 
links ; these hanger bars are shown in the side elevation Kig. 1592, and in section in Fig. 159*1, It 
will thus be soon, that the extent to which eacli bogie can rotate to accominmlate tho wheels on a 
curve, is dependent ujwn, an<i limited by, the range of oscillation a<hnitted hy the sns|Kmding links ; 
but this, fdthough not great, is sufficient to allow of the necessary motion of the l)ogie, while tho 
carriage travels exceedingly steady, and with very little OBcillation in any way. Tiieso carriages 
are 8iip|>orted on their bogies so near the ends of their frtxmes that there is practically no overhang ; 
tlie only tendency to sagging being that most easily prevented, namely, between the siipfK)rts. 
The horn stay, seen nntlerneath the carriage frame inside the wheels, is intendtnl to act as a safety- 


guani in case of breakage of the journal, or any part of the outside bogie frame. Sufficient play is 
allowt^ to the axles to permit (d* iroe play in all directitms. 

The principal dimensions are ; — 

ft. in. 

Length over buffers 49 0 

„ of IxKly 45 <» 

AVidth of IxHly 10 1 

inside .. 9 (1 

Length of first-class compartments 7 0 

„ sixjond-clas.** „ (> O 

Height aU>ve fioi>r to underside of roof at sides 7 I 


„ „ „ raised central part of roof . . .. 8 (I 

Framing: — Sole bars, wronght-iron angh* plates, 9 in. by 'H in. by t in.: 
headsbx?k, oak, 12 in. >»y 4}, in. ; angle iron at back of head.ttock, 9 in. by 
in. by I in. ; angle ironist iffeners, 8 in. by in. by ^ in. 

Iw^gie: — 'Wroiiglit-irim plates. 8 in. by | in. ; angle inms, 2.* in. by 2.} in. ; 
di'stanct^ bidvvec-n centres of lx>gie frames, 30 ft. ; distance betwc'cn ceiitn s 
f»f wheels of eacli Ix^gie, 8 ft. 3 in. ; total wheel base, 3S ft. 3 in. 

Wilt els : — Diameter, 3 it. 0 in., wootl centres, ManM-H’s tin* fastenings ; tires, 
5 in widt* ; axles wrouglit iron, with case-hardened journals ; centres of 
journals, 8 ft. 10 in. ; journals, 4 in. diameter, 10 in. long. 

Springs : — Light l.uninated bearing springs, 6 fl. reminds, each spring 
composed of ten plates 4 in. wide, namely, nine jilateM J in. thick, an<l one 
]»late 5 in. thick; tw<» laminated steel buffing and drawing springs 0 ft. 
long, <'ach spring compose<lof iiineb'en p]ntt^s3 in. wiile, namely, eighteen 
plates I in. tiiick, and one plate § in. thick. 

Total w't ight, 18 tons Kt cwt. emi*ty : or a dead weight of 7*1 cwt. a 


passenger. 


TliO carriage is divMed into four first ■cla.'is compirtments A, seating eiglit passeTigcrs each, 
two sefv*iid.cla?«8 conip.trtiiient-' C\ one at each end, seating ten pa.'^‘nger.** each ; and a central 
liiggagr- compartment I); t ach pa.s.-<'nger compartmenl Iw'ing lighte*! by two lamps of an improved 
pattern. A'comiuodatiori i.s thu.s po'vidtd tor fifl\- 
two passt‘ngt rs ; but for short jonrne\« four more 
8f*<'oiid-cIn'-<s pa«seMg» r» may be carried, making a 
tobil of ilfry-six. Tlie first-<dass compurtmt nt>* have 
walmU panelling witli gilt iimnlding-*. and are 
trimmed with blue cloth : th* y have al.-o spring 
blinds of a new con.-trn<*tion, wbieli are consiflere*! 
le.-.s likely to get out of ord< r than tiie descrif (i<>n 
formerly in use. The seC(iii<l-cla.*i.M compartna nts 
have mahogany fittings, and are frimmed in blue 
rep. In addition t * the u.snal ventilators in tlie 
flfK>rs, louvre ventilatf»r.s of a sf>#*cial form ar» plaerd 
in thf- raiisd j>ortion of the thus keeping the* 

carriage.i tlior«^*ugliIy w« li ventdated without draughts. 

Tiie.ne carriages were sjxciHlIy df‘signe<l tor the? 
broad-gauge express tn&ins from Paddington to the 
West of Kngland, aiel are con.»‘tni<'ted so as to b<f 
cadly converted to ihc* narrow' gauge if this slimild 
l>e required. They )*ave given every satisfa/ tioii for 
ermifort, stability, and stemdine.-s in t^^a%ellnig. 

Fairlie’s improvements in the construction of six- 
wheeled bogie carriages are indicate^! in Figs. P.CiS 
anrl 195b; Fig. 1955 is a side eh*vation of a carriage 
built on this pririciple, and Fig. Iit5b a plan of Iht^ 
three U>g!c trucks. The object of this arrarigetiif-nt is 
to etiablo the wheesla, and the lx»gie frames or trucks 
which C4irry them, to a<lapt thcms4;iveti in a Is tter 
manner to curves of the line, without iminiriing their 
swivelling movement to the bo<iy of the carriage. F r swivelling 

trucks A A' II are emjdfiyed to each carriage, each trucK i>eing prr»viuc<i with a single pair 
of wheels: and these trucks are crmiie-cted together by suiuble diagonal coitpllngw or 
C, and support a rigid frame or carrier F, u|s»n which the hfHir B of the carriago is tnotinUx} 
hjM'h of these trucks has a liogie centre E to receivis a pki P on the rigid franw*, the pins 
being preferably of large dium* ter; but the middle truck B, iiistftmi of having a simple ctnirv 
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to turn or swivel on tho pin, is formed with a trausverso slide or groove K, Fig. 1957, winch 
is free to travel along tho pin, in accordance witli any sidelong movcraetit imparted to the truck 
W tlio construction of the lino, tho truck being also free to turn on the same pin. The pin P, 
B*^ig. 1958, is rounded as shown to allow either of tlio wheels of tho middle truck to rise or fall on 
going round sharp curves ; and as tho ptirt L of the frame F does not quite touch the bogie trufk, 
a little freedom is allowed for this rise or fall ; indiarubber pads or cushions faced with metal 

10S5. 



being phiced hotw€?on tho frame F and tho side frame of tlic bop^o truck at N. Knch of tho out- 
siiio trucks A A' is formed at oiudi end with a cnrvt^l slot M. struck from the l>ogio centre, and the 
rigid frani<^^ \< provitled with pins to take into th<*se curved sluts, so that while each of the trucks 
is frc<,‘ tft swivel imh pcqdenlly without affecting the movement of tlio rigid frame, the swivelling 
movtaneni is properly control IchI. 

1956. 



A third-class carriage of tho Southern Railw’ay of France, constructed at the Company's works 
at l.a Villetle, from tho designs of Kegray, is sliown in Figs. 1959 to 19tJl ; Fig. 19,')9 is a half 
longitudinal section and half siilo elevation ; Fig. 1900 a cro.ss section, and Fig. 1901 a plan of 
interior of carriage. Tho frame ot this carriage is wholly of iron ; the soles are of I section, 
8 -<'*6 ill. by 3-93 in. by 0*39 in.; lioadsUxjks of cbaniul »<Krtion, 8*00 in. by 2*75 in. by 0*39 in.; 




three inU^rmedlato tniniivorse Imarers, also of channel stH'tion, 4*5 in. by I *96 in. by 0*47 in. ; and 
four diagonals of 3*14 in. by 1*90 in. by 0*31 in, angle irmi, these latter fwsaing over the tops of 
the transverse l>carers. tho whole framing being well conm»ot©ii by uornor brackets and gusset 
plates. The axle guanls are 1 in. thick, and are lilted to tho frames. Tlu‘ Ixittom, sides, end, and 
intermediate ba^ and cant-rails arc of oak, the door and oomor pillars and rails art* of ash, anti 
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the lining of pine. The panels are of sheet iron, *06 in. thick, and extend the whole height of 
the body, the Joint covers being also of iron. Tiie roof is oovorotl with sheet zinc, laid with foldetl 
joints, and sooured by iron cover stri^is, whioh are aorewod to the r(X)f-sticks. The floor of the 


1959. 



IkhIv is donlde, iva shown in the sections. Tbt* axle 
biixea are niadr for oil lubrication, a pad contained 
in the lower part of each l»ox Ixdng press^nl up against 
the axle by a spring, and the back of the lx»x being 
closeir by a collar of leather or felt, made in two 
parts with crosstnl joints ; the hox is made in two 
parts, which are held together by a eonple of ladts, 
the joint lx*ing made >>y the interposition of a leather 
ring. The guides are on the upj>er part only, and 
tiicy are made so a.s to give eacli axle Iwx a pl.iy 
in the horn plates of *12 in. in each direction tran?*- 
\ersely, and ‘16 in. in^i direction {K^rpeudicnlar to 
the axle. Tin* draw-bar is contitiuous, the centre 
|>orfion of its length being made up of a couple of 
lipks, one of which pas-^es c*ver ami the other under 
the draw and bufler springs. The buffer springs ore 
itidepeiKlent of the draw-springs, but when in place 
they are eonn<*cted so as to have a (compression ccirrc* 
sponding to a load of 1*6 tons, while the screw 
cr>ufding is pr<>js>nioned, so that when the cuiringes 
are coupled up in a train tln*re may be a normal 
strain on these .springs of alxait 2*2 tons, this sufheing 
tt> ensure steadiness. 'I’he bufler springs are iixed 
at tlie centre of the carriage?, mt that they may abut 
tlirectly on each other without putting a strain on 
the framing. The buffer hkIs are guided at their 
outer ends, and are connectcxl to the top platf s of tlie buffer springs by links. The prineiiml 
dimensions of this carriage an* ; — 



a. in. 

Frame : — 

Total length over buffers . . . . 23 3 

„ width over footsteps .. 10 2 

Ix?ngth over hearlstocks .. .. 22 11*6 

,, of h(T»dstricks 8 8*3 

Height of top of soles alxjvc 

rails 3 0*7 

Height of centres of buffers alx»vc 

rails 3 4*0 

Distance afKirt of centres of 

buffers 5 73’ 

— 

Total length over cornices.. .. -26 0‘ff 

Ix^ngth outside at trip 24 1*4 

„ iKdtorn .. 23 5*5 

„ inside at waist rails . . 23 8*6 ! 

Width outside at top 3 


n. In. 

WidUi outside at bottom .. H 7*1 

„ iti«ide at waist rails 8 8*3 

Height outside at sides .. 6 4*8 

„ t, (xmtre .. 6 10*7 

inside III sides .. fl 1*2 

M centre .. .. 6 6*1 

Total height of outside of roof 

nl>ov(! level of rails 10 8*74 

Width of doors I 11*0 

Height 5 0 

l«ength of each cr»m|iarttneni 

lielweeTi partitions 4 7*9 

Ppaco between seats I 5*7 

Axles ; — 

Diameter at Centro 0 4-72 

ofbeaHngM 0 3*54 

Txmgth of liearinga 0 7*08 




BOLLING STOCK. 998 


Distance between centres of 


bearings 6 4*4 

Total len^h of axle 7 0*i) 

Weight of each axle 440 lb. 

Whetils 

Wheel Imso 14 9*2 

Diameter over tread 3 4*9 

„ of boss 0 10*04 

Length of boss 0 7*9 


rnringa ; — 

Width of plates 

Thickness of plates 

Numl>or „ 

Length of top plate belwccn boaring iioints .. 

Kjjan unloaded 

Cainhor 

l>efl(‘clion a ton of loud 

Weight 




ft. In. 

Width of tiro 


.. 0 5-1 

Normal thickness of tiros 

0 2*36 

Height of flange 

..0 1 

Distance between inner sides of 

tires . . 


.. 4 5*58 

Weight of a wheel witliout tires 418 lb. 

Weight of a pair of wheels with 

tires and axles 

.. 2189 „ 

Weight of an 

axle box 

99 „ 

ficaring. 

Draw. . 

Buffer, 

2 *95 in. 

2*95 in. 

2*95 in. 

0*39 in. 

0-3{> ill. 

0*39 in. 

10 

5 

16 

4 ft. 7*1 in. 

8 ft. 3 4 in. 

5 ft. 8*9 in. 

4 ft. 5*3 in. 

3 ft. 2-2 iu. 

5 ft.-4-2 in. 

6 in. 

3*9 in. 

13 in. 

2 *39 in. 

1 • 1 in. 

3*3 in. 

114*4 lb. 

48-4 lb. 

25 *6 lb. 


Weight of the carriage without heating apparatus 8^ tons 

„ heating apfiaratus 1980 lb. 

Dead weight a iiosseiigcr 3*7 cwt. 


The IkxIv of this carriage is divided into five eoTnimrtmonts carrying ten passengers each. The 
central c<iiii|uirtfnent is separntt^d from the others by partitions extending tlie full height of the 
Issly, anil is restTvetl fiir ladies only ; the other dunpartments btdng divided by half partitions 
only. The s|>ace available for each pissenger in 2 ft. 4 in. long by 1 ft. 9 in. wide. The seats. 


1961. 



Fig. 19fi9. are of a vi^ry comfortable shajs?; the hacks Uang provided with division pieces, which 
fix the isMition of the etuitre passenger on each seat, an arritngoment which prevents attempts 
to oi'tciipy tin* st*aU by four pissengi'rs only. Wooilen shelves are fixoil in the i>osition occupied by 
th*^ net tings in carriages of a sufK-rior class, and thest* scjrvc to accommodate siuall packages. The 
tohil inUrrior area of the carriage at the level of the bottoms of the windows is 205*8 so. ft., while 
the ctibio cajmcily j>er t^futwniger is 25*9 cub. ft. The wtdght of the carriage without the heating 
up|M 4 ratus is djual b» 374 lb. a paosenger, or with the beating apparatus 414 lb. a paasemger. 

A two^b^rhsl carrijigi*, eonstrncteil at ilie Railway Carriage and Waggon Works, Fribourg, for 
the Vale of 'Fooss line, in the ciiiiion of Zurich, Hwitzerlaml ; Figs. 19(52 to 1905. Fig. 1962 
is a side i*h^vatiori ; Fig- ll>04 an end tdevation ; Fig. 1903 a longitudinal section ; and Fig. 1965 
a cross wK'iioii, half through tho second-class, and half through the third-class compartments 
on each floor. Carriages of this tvi>o arc also einployod on the BasU*m Railway of Franco; 
and f>n tlio Mountain Railway over the Ilruni^. Tho nntlerfmme of this carriage is formed 
•mtirely of wrought iron, anil is kept very low, Iwing curved upwonls at the ends, so as to arrive 
at the normal height of bufiTurs. The side fntmos are com[>os<Hl of two channel irons, tho upper 
one A, 5*9 In. by 3* 15 in., and tho lower one B, 3*94 in. by 2*3f; in. ; the^ two ehannrf irons 
Isung firmly onniu^ctcHl by the lioni plates, and by a c<uitnu support to which tliey are riveted. 
The chtunnel iron ofiMudi side frame is straight for its entiro length, and at the ends it is 

met by tho lower one, which ristw upwards ; thf» two channel irons Innng connecte<l here by strong 
eiitl plates C, of the sha|m Fig. 1963. The transverse oonneclious between llie side fnimos consist 
of tin? luitRitr l>eatns D, which are likewise mmlo of ohannel irons, and of nine ohanuel irons L, 
Fig. 1964 ; the fnimo lieing further sUlletied by iHagoual bracings. The wheels are of wrought 
iroii| made acoonliiig to BriinoiFs system, and the axles, tires, tmd springs are of Krupp steel. 
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Each carriage is provided with an efficient arrcw brake, whicli can be manipulated from one of the 
end platforme. The principal dimenaions of thia carriage are ; — 


Total length of IxKly 

„ ,, of roof 

„ ,, l>6tw€Nn l>aff«'r« 

Width bf^tween centreii of buffers 
Ift igiit from level of rails to centre of 

buffers 

Total outside width 

„ height al)ove level of rails 
Length of end platforms and Imlconic^, 

each 

Length of steps . . . . 

Bise of steps 

Diameter of wheebi 

Distance l>etweeij wheel centres.. 
Lower story ; — 

Height of fl<jor aljove level of rails. . 
„ from floor U> underside of roof 

at centre 

Width outside 


ft. In. 

21 7J 
OS 


3 r)\ 
10 2i 

15 Oi 

1 Ilf 

1 IH 
0 8' 

2 7i 
13 14 


Width inside 

^ of d<x>r 

Height „ 

Length of firsUclass compartment . . 
„ seoond-cluss „ 

„ third-class „ 

irpper story ; — 

Height of floor above level of rails 
„ from floor to underside of roof 

at centre 

Height from floor to underside of roof 

at sides 

W'idth outside 

t, inside 

of raised portion of roof 

„ of d<x)r 

Height „ 

length of second-class compartment 
.f third-class ,, 


n. In. 
9 U 

1 loi 
5 10} 
3 6} 
5 3} 

11 m 


4 10 
8 8} 
8 4 

4 2 
1 8 
fl 10| 

5 

15 ^ 


1 his carriage is divided into a flrst-class compartment F cm the lower story, two second-elass 
compartments O, and two third-class H, one on each story ; and provUlcw seating acoommodaiioiit 
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Including two seats on the upper balconies I, for sixty-six passengers. The seats in the first and 
second-class comportments are upholstered in Utrecht velvet, those of the third-class being formed 
of polished wood railings, fastened to light an^le-iron frames, which ore shaped according to the 
form of the body. Sliding ventilators are provided above each of the windows in the lower story, 
and in the sides of the ramed portion of the roof of the upper story. The warming is effected by a 



small trans]x>rtable heating stove, which is placed in the lower story, after removing some of the 
seats ; and from this stove the chimney le^s off to the upper story, where it posses along the 
roof. The weight of this carriage, when empty, is 10 tons, equal to a dead weight of 3 cwt. a 
passenger. 

S^<fon and Slefinnfj Figs. 1066 to 1960; Fig. 1960 is a side elevation, Fig. 1967 a 

longitudinal section. Fig. 1968 a cross MMSiion, and Fig. 1969 a plan of a saloon carriage of the 
Hungarian Siai<^ liailways. The underfriuno of this carriage is of the composite type, the soles 
lieiiig of iron and the rest of the frame of timber. The body, w'hich has a very slight fall under at 
the sides, .prrjocts oonsidortibly beyond the soles, and is supported by wrought-iron brackets, as 
shown in the cross section. Fig. 19^, these brackets having indianibbcr pads on their tops ; the 


1966. 



body, however, rests also on the wooden underframe. The body is 24 ft, lOf in. long, by 9 ft. 
wide ouisido, and 7 ft. 7J in. high. The wheel base is 12 ft, and all the wheels are lilted with 
brake blocks on each side. This carriage is warmed by Tbamm and Rotlmiiiller’s apparatus, and 
is lighted by four roof lam|)H R ; a ventilator V being also fixed in the contro of the roof of the 
saloon. 

This carriage is divided into an open-sided gallery G, a saloon S, a small lobby L, a lavatory 
and water-closet C, and a small gallery or end platform P, from wliioh the brake can l>© w-orketl. 

The chief gallery or et>vered platform G, is 8 ft. 6J in. long, and is protwted by dwarf sides, 
access to it Iwing given by side doors I), ofyentng inwards ; communication with the next carriage 
is also obUline<l by means of the folding end-doors l>% the spaot* betwt*!'!! the carriages being 
spanned by a fiap F, in the usual wav, and the folding doors, which open outwartls, forming the 
side hand-rails. The roof over the gallery Q is ciurriod by four cast-iron columns, and curtains are 

8 s 2 
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provided to afford shelter from the suu and wind. Around the sides and end of this ndlory are 
arranged seats E, of thin sheet iron pieroed so as to imitate oanework. while at the end a folding 
table 18 provided. The roof of the gallery is lined with American maple, with a border of rosewood. 
From the gallery U access is obtained by a central door to the saloon 8, which is 13 ft. in 

iser. 



length. The scuts I in this saloon are disposed as shown 
in the plan, Fig. : the back cushions of thise scats, 
I', Figs. 1007 and 1068. iNrdng formed by mattresses 
folded np, and these mattresses when unfolded and laid 
down, convert the seats into very comfortable bcfls ; 
while beneath the seats are commodious drawers A, in 
which lied linen, can be stowed. The roof of the saloon 
is liiu-d ill a similar way to that of tho ojven gallery, 
the lining of the sides lieing of mahogany, inlaid with 
maple and rosew’ood. The scats arc npholsU*red with 
silk rep of a warm drab tint, and the curtains are of 
iff o.'i de of a similar colour. A do<ir gives access 

from the to a small Jr»bhy L, from which two 

otlier doiirs oj>en. one to the lavahiry C, and tho other 
b> the small end platform 1*. The* lavabiry C is 
furnisheti with a wtishsUiiul and the usual tittings, 
wiiile from beneuth the washstaiid a water-c»l<»s»*t draws 
out; water being obhiincNl from a tank which can lie 
supplied from tho roof. The small end platform F is 
pn>tecte<l by dwarf sides, and is providcxl, like the einl 
gallery G, with side doors D oj>euiiig inwards and with 
folding dofirs IJ' at the end for giving a<*eess t4> the next 



carnage. In conmjction w ith tho side <loor8 of Iwth tho galleries G and T folding fooUtieps are 
providtMl, as shown in the cross section, Fig. UtC8.. 

In Figs. 1970 b) 1972 is shown a hunting carriage, or Jaadxavjcny oomstnictcd for the uao of the 
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principal dimensions of this carriage aro v 

ft. in. 

Length of body over all 28 10} 

„ exolosive of end gal- 

lories 23 1 \ 

Total length over buifers 32 *54 

Width of Dody outside 9 3| 

„ „ inside 8 10 

,, of end galleries 6 1 

Total outside width over lamps .. .*10 9 

Height of body inside at ctmire . . . . 7 4} 

fc •• sides •• •• 6 10 


n. in. 

Wheelbase 12 5f 

Height above level of rails to centre of 

buffers 3 5 

Height above level of rails of floor of 

end galleries 3 10 

Height above level of rails of floor of 

Bahxin, &c 3 11} 

Height alx>ve level of rails to centre of 

roof, outside 11 6f 


The underframo is of iron and wood in comhination ; the solos being of iron of channel section, 
placed with the flanges outwards, as sliown in the cross section. Fig. 1972, and the rest of the frame 
of timber. The carriage is fitted with a brake applied to both pairs of wheels, this brake being 


1970 . 




19TI. 


workcyl from one of the end galleries G'. The brake bl(x:ks are 
of (wt iron, and art' bung from their centres, while they aw 
kept steady when out of conta^^t witli the wheels, by means of 
springs 8 atta(?hed to them in the manner shown. The floor 
is double, and rests dirc^otly on the iinderfrarnea, the lt<xly 
ladng thus principally carri^xl by the fltior aiul Uio flt»or fram- 
ing. The IxHiy is tua<le vortinil sitles; the fnipiing being 
<*f timber, with the exeepiion <if the interiiuxliah* side pillars in 
the end eotn|inrtment, or veramlah, which art' <»f iron; and the 
immds also an» of iron. Acrcess is gaimul to th<* carriage by 
end d<x>rs o[»entng on to tin* ond galleries G G', flu^e gtiilcries 
btnng made narrower than the wiiUh c»f the carriage, so as to 
enable ste{is to lx* pnoidtvl on each side without extending 
Ix^yoml the width of the Usly, The nxif exlencls over the 
end gallorttxi, l>eing sup}Mirii*tl by light iron cx>luinns, which 
alHf> form pillani for the liaiidmils by which the giUlories arc 
prot<*cted. 

The general arrangement of the interior of this carriage is 
ns follows; — There is flrst an optni gallery G, then a compart- 
meni T, forming a kind of elomnl veratulah, ns it is calUnl, 5 fL 
1 In. long. The iiilerinediatcY side pillars of this cxnnpartment are of iron : the sash frames at both 
Uie sides and end bi*iiig of brass, so as to retuler it p>s>ible to make them of very small iUiuoiisions, 
and thus give a large area of gloss with a very small olistriiction to the view ; and this verandah thus 
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fonxiB a most pleasant compartment for observing the beautiful scenery traversed by the railway to 
which the carriage belongs. This compartment is furnished with a couple of lounging chairs and 
stools^ and is decorated witli tapestry work of appropriate design. The woodwork in this comparts 
ment is of old oak, specially selected for its toughness and hno grain. The next oompartment A, 
Figs. 1970, 1971, is only 4 ft 7i in. long inside, and is devoted to the adjutant or other officer in 
attendance. The fittings consist of a couch or seat, convertible into a bed, on one side, and 
on the other a wasbstand, beneath which is arranged a small stove. The woodwork in this 
oompartment is of oak, and the trimming is of green and black striped dlk. From the adiutant’s 
com{.>artment A, a door swinging either way gives free access to the main saloon S, devoted to the 
emperor. Tliis saloon is 9 ft. 4} in. long, and its width 8 ft. lOf in., so tlmt it is really, for a 
railway carriage, a spacious apartment. The decorations of this saloon are in ^cellent taste, the 
mouldings being of walnut and ebony, with handsome carvings, while the odling is of cdaborate 
parquetry work. The furniture consists of an ordinary armchair, an armchair with a sliding foot* 
stool, a €X»uch, a table, and a stove, this stove being capped with green marble, and surmounted by 
a timepiece, as in the cross section, Fig. 1971. Beyond the saloon 8, a short passage F com- 
municates with the end gallery sliding doors on each side of this passage respectively giving 
access to a lavatory and wait^r-chiset Li, and a small compartment V, intended for the accommoda- 
tion of the emperor’s servant or valet ; this latter compartment also contains a g^n rack and an ioo 
safe. From the en<l gallery G* the br^e is worked. Externally the carriage is painted dark green, 
relieved by the imperial arms and monograms, in a lighter tint, and picked out with fine gold 
lines. 

The stoves employed in this carriage are Hardy’s briquette stoves, which ore constructed to burn 
a specially prejiared artificial fuel ; and those stoves have been found to give excellent results in 
practice. 

The fuel which is burnt in these stoves consists of briquettes formed of 80 percent, of pulvorizod 
charcoal, and 1 • 5 per cent, of nitre, held together by a composition composcKi mainly of lime. Tho 
dimensions of these briquettes are 3} in. by 2} in. and 6 in. high. Each mtr of briquettes forming 
one of the six units, of which each stove is usually composi-^d, is containca within a small sepamto 
removable casing, consisting of a ))air of plate boxes reaching up ono-half the height or each 
briquette, and perfor»itetl on all sides with circular holes ; each of tliese casings being held on a 
separate shelf fixeti in the main internal casing of the stove. Thiise briquettes bum very slowly 
from top to bottom without flame, like a cigar ; each briquette lasting for ten h<»urs with the tniin 
running at full speed. To regulate tho tt-niperaiuro, a greater or less nunilxT of briquettes are 
eniployeil ; and w-hen the external air is at freezing point, a temperature of about Fahr. can bo 
obtained iii the carriage by the use of the whole number of twelve. 





In Figs, 1973 to 1977 is illustraW a sleeping carriage of tho London and North British 
Kaiiway, ^n»tnict^ by the .^hbi^ Railway Carriage and Iron Company, Mitnchesicr, which was 
built and 'work^ in England ; having b^*n intmduced on the aliovo lino in 
1873, in cfinnection with the throngh trains between London and ]^Hnburgh. Fig. 1973 is a shlo 
elevation Hhowing the position of the sc^ats in dotted linc^ and Fig. 1974 is a plan lowing arrangiH 
meut of berth ; bigs. 1975 to 1977 show the construction and anrangomoot of the scats and bods to 
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1975. 


ail%ilarged scale, Fig. 1975 being a side elevation of seat, Fig. 1976 a side elevation of bed, and 
Fig. 1977 showing a front elevation of the seats at G, and a front elevation of a bed at H. The 
whole of the framing and the external panelling of this carriage is of selected SCoulmein teak, t^ 
soles being strengthened by exterior 

S lates of f-in. iron ; those plates run 
he entire length and depth of the 
soles, and all the bolts which secure 
the axle guards and the other iron- 
work necessary for the construction of 
the under frame pass through and are 
scoured to them. The carriage is 
mounted on throe pairs of Mauseirs 
wood<centre wheels 4 ft. in diameter, 
with wrought-iron bosses and steel 
tires ; and the body is secured to the 
underfnxme by lx>lts, passing through 
indiarubber body cushions placed 
between the underframe ana the 
double bottom of the carriage body. 

The roof is covered with canvas, 
bedded in whitodetid, and painted, 
aii(i the whole of the exterior of llie 
body and underfraino is highly var- 
nished. The dimensions of the Ixxiy 
of this carriage nrc»; — IxMigth 30 ft.; 
breadth 7 ft. 6 in. ; the height from the 
floor to the underside of the centre 
of the roof being C ft. 10 in., and 
12 ft. 

At one end of the carriage is a second-class compartment A, 5 ft. 10 in. long, and at the other a 
luggage compartment B, 4 ft. long, 
tlie central jiortinn being arranged 
as two Arst-class saloon coiiipart- 
moiiis C, each 8 ft. 1 in. in length, 
divided by a lobby D, 4 ft. in 
length, one side of this h»bby being 
fitted up as a lavatory K, and Uie 
other as u wat< r-cl<>scl F, l>oth of 
which are sitppliml with waU*r fr^nii 
n tank T, carricil in Uie roof ; while 
ill tlie roof is also fixed a illter, from 
which wat4*r is suppUini to the 
lavatory f«*r drinking purpo.Hcs. 

The lavatory is fumished with a 
tiiirror, a lamp, a marbh^ washing 

IkiwI. towe ls, and oUicr toilet requisiU's ; the wuter-olos<‘t also In ing fitted witli a lamp and othc r 
conveniences. The windows of botli these coinjtfirtments are provided with sliding louvre blind'^ 



the total height above the surface of the rails about 



Kach of the two first-cla.ss compart men ts C provkhs 


1977. 


and the glass Is omamentallv obsciirtHl. 
sleeping aocfunmoilniion for tlirce ]h rsons, 
the doors h>ading into lobby 1> lH*ing pro- 
videil with locks to prevent tlirough coin- 
munication when dost roil. Thtsc compsirt- 
nionts are elegantly fiirnisluHl. the sides 
find roof being {Hintdled with {>oU.4u\l 
silver walnut wootC set with eViony and gohl 
mountings; the whole of the furnituiH' and 
iiiotifi tings, liotU otiiside and inside are silver 
plated, and the flrKirs art^ covennl w ith the 
ix*st pilf^ ear|>et lai«I on kainpiulicoii ; tlie 
s«sits and backs mv trimriuKl witli orimsiin 
Utreebt velvet on a liosisof spring mattress 
w ith sofa springs, and stiifliHl with liiirso- 
hatr. The converhton of the day carriage 
itihi a slfH'piug coni|)arttticrit is a very 
siinide matter: the thrcHi scnits and Uieir 
ImcKs, in tvich coiii|iiirtiucnt are m arnmgiHl 
that on folding the seat up and pulling the 
liack forward, Fig. 1976, which is very 
fMisily done, the latter falls ilowu ami forms 
a very comfortable hvni 6 ft. 3 iu. long, and 
furnished with a pillow. When no longer required for use as a IhhI, it is readily lifted into its 
original |)ositioD, Fig. 1975, and Uio comtiartmeni resumes its onliuary apjicarance. Each ca impart- 
— a provided with a lO-in. roof lamp, whicb Is titted with a hinginl IukhI to obscure the lights 
during tlie liours of sU?ep. VentUatioii ts obtained by UK^sins <»f movable louvres and slides, plnceil 
both at the bottom and fcp of the carriage. The wo^work of the second-class oomtuvrimeut A is 
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painted and rmined oak, the upper portions, above the baok-peats, being highly vamiBhed. 
seats and baoK-rests are covered witli rep, and stuffed with horsehair, the general arrangement being 
in keeping with tlio company’s second-class stock. 

A plan of a sleeping carriage. Fig. 1978, designed by W. D. Hann, fop use on English rail- 
ways, possesses many atlvaiitagcs over the Pullman tyi>e of sleeping car, especially tis regards 
privacy. Tliis carriage is 40 ft. in lengtli, 9 ft. in outside width, and weighs about 18 tons. 


1S^8. 



and pnividcs accommodation ft»r twenty- two first-class passengers, Ix'shlcs a central compart- 
ment for luggage, warming apjyaratiis, and attomlant portiT. It is diviiled into six com|>art- 
ments. A, B, C\ D, E, F, with cohnwting corridors G, in which are pluctnl the lavatorits E, arul 
water-closets W. The comjwrtment A is S ft. in lengtli, and is arrangetl ns a family iKiiidoir to 
aocommodute six people, in two single and two double Wrths, with separate water-closet and 
lavatory. The comjxirtments B and C are arranged to bo taken either together or se[Kiratoly ; in 



the latter case the compartment B resembles A, and ('is a smaller chamber, rontatiiitig 

tion for two travellers ; theses two compartments having one water-closet nial lavatory in common. 
ri»- c^mimrtmcnt B is 8 ft, and C 4 it 0 in. in iMigtli. I) is the baggage cr»ni|»artiiieitt and tdaeij 
for the attendant; it is 7 ft long, and ormtains the lusting apfiamins H, a bunk I with 
cupboards over, and a Klc<«ping l>crth at ly fir the aiteTidant riortc'r, this lK‘rth licing plaix'd 5 ft, 
b m. alKive the floor. Ihe compartment E, whielf is 7 ft. in length, is sriecially adapb d for gentle- 
men travelling alone; it has acvYimmoclathm for six passengers, flic s«*nts Wing lowercfl at night * 
witljiri a short distance of the floor, so as to give greater space for the two upix^r tiers of 
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iSastly. there is a small boudoir F, 5 ft. long, for two passeugew, with upper and lower ^nglo 
berths ; thercs is one water-closet commou to these two compartments. Through communication is 
provided for tho attendant to each compartment by the corridors O, which are 2 ft. m. wide, 
while means are adopted to make each perfectly distinct from tho other, tlie coramuni^ting doors 
being opened only by a pass-key in the possession of tlic attendant. This carriage is thus adap^ 
to moot the varied rof|uiremcnt8 of persons travelling alone, or in largo or small particss ; while, 



from the ample aeeoinmotlati«»n it afiurds. a.h cr»inpared to weiglit of vehicle, it leaves little to Ix' desired 
in this The sid^-s, and r<Hif« are double, the s|)aces between the sides and ftor>r 

Udug jxick<tl with sawdnsl or <tther suitable iimterial to diadcii sound, and to keep the ciirriage co<»l 
in siuiuner and wunu in winter, while the double covering of tiie roof siTves tlie same t nd. With 
regani to tlie iiieanH of ventilation, double windows ore provideil, the outer ones of wljich can 1 k 5 
reniove<i in the summer, when frarms tille«l with tine wire gauze, which admits air while it 
rxcliides dust, take tlmir pbicc. Ample ventilation is also securtnl by the raist-d ceiitnd part of the 
r^Kif, which isvujikjh alK>ut ruie-tbird of the width, and is tdevatcxl alnuit lt> or 18 in. alsive the rcK>f 
iUk If ; the sides t»f tills rnisisl |M^rtiou living fitted with swinging wimlow's protected with gauze, so 
that when they are ofiencnl a thorough current <if air is always inaititaine<]. 

A sU eping eurrioge of the East Indian Kail way. Figs. to which is employed on 

the through siTviiv fsdween I'ah’utta, Ilombuy, and Lahom, in tht* construction pf>sse8.*H»s s«,*vcral 
novel features : Fig. is ptirlly a side elevation and pxirtly a longitudinal swtioii. Fig. IIKSI 
is a cross section, and Fig. TdHn a plan of the interior armngeiiu nts. This carriage was built, 
ftiul all the fittings ina^le, at the t'alcutta U^miiiu.s of the Eist Indian llailw'ay, under the 
din'<*tion of R. \V. rmreo ; its weight, including 7 cwt. of water in ituiks, is 9 tons. 

Tin; princiixil tliniciisions are ; — 


ft. In. 

Ixmgih of Innly ouisulo 2o 2 

,, „ inside 22 7 

„ of outer ns»f 21 8 

„ of ea4'h sh'^ ping t'oiii jsirtinent 8 10 J 

Width of Issiy, outside 0 0 

„ „ inside 8 2 

Height fnmi lbs>r to iimh;rsitle of 

inner i\>of ut centre 7 10 


Dimensions of 


« n. in. 

I Height from floor to underside of 

1 upper IkhI .. .. 4 2J 

Air space l»etween inner and outer 

i rtxif .. .. 0 7J 

Disiamv b<.*twi>eii wheel centres .. 14 0^ 

DtameWr of whorls 3 6 

I Total <uit»'<ide wiilth 10 6 

,, ludght alx^ve level of rails .. 13 6 

tiinWrs, 12 in. by I in. 


Tho whole of the timlwT usimI in the eonstrueiion of thi.s carriage is MoulmeiTi teak. The out- 
side* lower iKinels an* of iron in. thick, this lacing the only material reuUy found (o staml the 
climato. These |Min(*ts an* put on in n*bat<*sfi from the outside an<l wrll sen winl all round to tho 
framing, a half-naiiid moulding covering the iM'rt*w heads; this nio^le of sivuriug being very neat, 
and adding gnwUv b* the sinmgth of the framing, Win n u.Hing wnol on the Eist Indian Railway, 
wide 111111018 were foiiml to buckle in the mins, and shrink out t>f the gnsives iu hot weather, and 
to apUl up if jw*eun'«i by screws ; by using very narrow panel.s, tliese dekvts were of course 
IcMScnefl to muiie extxmt, but never entirely reim>v<Hi. In atlopling inm it was at first thought that 
ihi« mittorlal would ♦Miniiuct or rii*liat4* heat to a greater extent than timlK^tr. but after a series of 
oxpc«rittieiiU this was foiiml not U^ Is* the ease, while by proia>rly securing, in the manner above 
diwiurilHHl, and not having tho shiX^ts too large, the iron has Ixh>ii found U> run with just as little 
tioioe m wuud. Tho gloss frames of doors and windows arc all lialauced, and to counteract any 
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tendonoy to rise or fall with the motion of the train, they are each fitted with two adjusting screws 
with nodlled heads ; the passengers can, therefore, secure the frame permanently at a:^ desired 
height. To keep out glare and heat as much as possible, coloured plate glass. No. 9 B.W.G. in 
thickness, has been adopted iu lien of plain plate, the colour chosen being a bluisli necii, this 
having been found from the average of a series of 40 registrations to bo the best ; the colours 
experimented with, and the average tem|K^ratarc8 for the 40 regUtrations, being; — Bluish 
green 106° F., violet 111°, re<l 112° yellow 114°, and white 118° The water tanks T placed 
between the inner and outer roofs BB', contain 40 gallons each, or 80 gallons in all, and are 

1983 . 



oonnccled by suitable piping to the wash-baisins W and commodes C. Tiie outer roof B' is f>n 
the most improved plan, afibrding the Ix'st protection frr»in the direct rays of tbe sun, and is con- 
nected with the side sunshades and extended down to a height of 1 ft. 7 iu. from the window rails, 
thus becoming one huge 8addU‘-hack enveloping the roof and sides of carriage, with « clear air 
space of 7 in. between the two. The end oinmings of the sunshade Q are fllhsl iu with wire gau/*^*, 
114 meshes to the 8(]uare inch, as a pmt<*ction from sparks, coal, or dust, from the engine, ^i’lie 
space l>etween the sunshade Q and side of ciirriage P is furtin^r renderetl a compl»4«‘ air tunnel by 
the following means; pieces of painU^l ca!iva.*<, or heather, are stretehed over the side d<x»r o{ieiiiT)gs 
D, and are 8<*cure<i to u bracket on the shutting pillar on th(‘ one side, and to thi* sunshade on llie 
other or hinge aide of the door, the canvas thus folding up and allowing the door Ui o|K'n an«l shut 
freely. The outsi<le painting is white, with u bluish tint pirke<i out br«>wii. Th«^ sunsluMles itro 
greim, and the inside varnished teak ; the neutral tint, the llitor drab, and the cushions green 
morrKvo. 

The carriage is <livided into two coiTrfrtirtments, with H» |«trale n tiring itv*m to rtich ; Ihette 
retiring rocjms being at ouch end of the carriage* and jMirtly over tlie butlers, tlais utilizing those 
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being an end eloTationy Fig. 1983 a side oleTation, and Pig. 1984 a part plan of bod and part plan 
of ^ming, one end of the latter being in section in order to show the method of joining. The frame 
P is made of l}*in. gas-piping, and folds up knapsack fashion, end entirely out of tho way when 
not required for sleeping or night use, as shown by the dotted lines in Fig. 1982, in which position 
it is secured by tho strap V. The gas-piping forms an exooedingly neat frame, about lialf the 
weight of ordinary wood ones, and pomessii^ great strongtii. Tho frame is jointed into two halves 
longitudinallv by knuckle or rule joints J ; the cushion is in halves also, and is supported on 
canvas stretched tight across the iron frame, thus forming a perfectly easy and elastic bed, some- 
what resembling a ship*B..hammock. The b^ when lowered into position, rests on a brass stop 
plate N, and is supported by the chains M, these latter being covered with leather. To prevent 
the lever L, or side of bed, from turning over the wrong way, a catch K is provided in the said 
lover. 


Idas. 



A saloon and ftUM>ping carringe of the Knist'riii Klizabeth Railway. constntchHl at the Bubua 
Waggon Works, PragiK*. and which is intcndiMl t*8}X’ciaUy for tho nccoiuiixKlation of tlie Empress of 
Austria, is shpwn in Figs. 198,% anti 198(i ; Fig. 1985 l»cmg a side elevation, and Fig. 1986 a plan. 
The princifial dimensions of this carriage arc as follows ; — 


ft. in. 

I.^gth of lioily outside 24 I 4 : 

M'idili „ „ 8 G* 

Height „ at sides 6 7 ; 

„ „ at centre 7 5| » 

Wheid base 13 5^ I 

Total length over bulTers 27 8 j 


fU In, 

ToUil W'idtb over all 10 0 

„ height above level of rails ,.12 9 

Width inside ® Gj 

Ijougth „ of saloon 10 2 

„ „ of sleeping coiupartmont 6 6 

Total length inside 23 


The flraroo Im of comismite construction, the soles being of I iron, 9.*^ deep, and placet! 6 ft. 7 } J in, 
apart from oenWe to centre, while tho rest of tho frame is of woihI. The a'hec'ls are of solid wrought 
iron, and the bearing springs are long. The dmw-lsir is oiuitinuou.s and is provided with an india- 
rublter draw-spring, the buffer springs b^ing also of indiarublH*r. In the fri>nt of the doors then* are 
provided r^siUieiw F, which may V rmmul or lowered, thest!> steiw btitig necessary to afforti easy access 
to the catTtage, as the stations on the Austriai^ railways are without platforms. lletw»*en the btxly 
and the u^erfratne there are interposed twelve indiarubber rushitm springs I, which are c'arriiMi 
by cMSt-inm bmckeiii IxdUti to Urn wdess, while cud or transverse motion of the Ixxly on the frame is 
checked by means of radius bars B. The floor of the Inxly is sinmgly fmmejl, and is ooiwpo^l of 
two layers of planking laid with crossed joints, and gluotl togeiher, whilst above this lOankmg is 
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fixed the parquetry work whioli forms tbo floor proper. The roof of tho carriage is maile dotibley 
the roof-sticks being arranged between the inner and outer planking. The ventilation of the oarriage 
is secured hj providing each compartment with ventilators communicating with air-oollocting cowls 
C, on the roof. 

The general arrangement of tliis carriage is as follows ; — A door P, on each side of tho ^^riage 
gives access to a central tninsverse passage or lobby P, having a clear width of 2 ft. 1 1 1 in. On 
one side of this passage a dew opens into the saloon B, while on the other sule are tho lavatory Li 
and water-closet W ; a short longitudinal passage, 2 ft 8 in. wide in the clear, being Icxl off between 
the two last-mentioned compartments, and giving access to the sleeping ooinpartmcnt B. Tho 


1987. 




19 ^ 9 . 


saloon S is richly trimmed with a light clmb silk rep, the 
mouldings being white and gold. The fittings of a 

conch, extending across one end, a couple of chairs, a couple of 
round shiols, and a table which imfobis and fonns a mirror; 
mirrors bwdng also plac<*<! on the door and on the walls. The 
flor»r of the sal^^^n is C4)vcred by a carfict, and the compartment 
is lighted by two large roof lamps <*, The communicating 
passages P, together with the wuler-cb*sci W, and lavatory I*, 
are panelled vrith jmrqut'try work, with mahogany and gilt 
cornices ; and the fio^irs, as also that the sle*#*ping coriipui- 
ment A, are carpi*t4*d. The lavatrvy and wat-er-clof^ t d<s»rs 
are mode in two leaves to save rrxmi, tia-se leaver* lK*irig con- 
nected HO that they o|M*n and cIoh; }-imtiltaiieously. Ik'iieath 
the vrash-haiid basin in the lavat4>ry i** lixed an ice’ safe f»»r lh«? 
storage 4>f provisioris. The sleeping com parti nent B coniaitiH 
two sleeping couclies, arranged against the sides of th#- cfiiriage. 
there lieing a passage a litth* over 3 ft. U-twey^n them. I'his 
comtiartment is trimmcyl with dark green silk rep. 

In Figs. 1987 to 19H9 \h shown a sh'eplng carriage con- 
striicte<l at the railway carriage and waggon works, Himmering, 
iK'ar Vienna ; Fig. 1987 is fiarily a side elevation and tiarily a 
longitudinal iS‘ction, Fig. 1989 is a cross ts^ction, and Fig. 1988 
a plorn TjKi underframe of this carriage is of a coififsisitc con- 


19 ^ 9 . 



struotion, similar Ut the stthxm carriage illostrafed in Figs. 19fU5 and 19117. The Uslv 

<'njhion springs B, iU outside dlmeiMions U-ing ns ff.llows lenirtJi 25 ft. IJ 
wiath 8 ft. 6| in., hfigJit 8 ft. 8| in., wheel bnne la ft. 5» in., mul the weight uf ewnioge 11*1 
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Tho roof is raised in the ceniro, and in this raised portion are hnng tho lamps li, one to each 
compartment, those lamps being fitted with ventilating arrangements, and also provided with 
sharles as shown at L' for obscuring the light at night. The lining of the carriage is of mahogany, 
inlaid with rosewood and maple, the fioor being of well executed parquetry work. The colour of 
the trimmings is a warm drab, the seats being covered with silk rep, and the curtains being of gros 
de Naples, The warming is efiected by the hoato<l air being admitt^ to the several compartments 
through the gratings G fixed in the floor. 

Tho ourringo is divid<*d into three (V'^mpartments A A' and B; A A' being intended for 
gentlemen, and B for ladies; a lobby D, to whlcdi access is gained by side doors d, and a 
lavatory 0, and watc^T-closet W ; communictition being obhaned between the several compartments 
by moiins of the floors d'. Each of tho compartments A A' B contains on each side two seats S, 
with fi table T between them ; this table l>eing movable and the seats capable of being dravm out 
BO as to meet and form a bod as shown at S', Fig. 1987, the upper parts of the backs of the seats 
being removable so as to be used as pillows. Above each pair of seats is a second bed £, which, 
when out of use, occupies the position shown at £', Figs. 1987 and 1989, its undorframe then 
forming |^rt of the ceiling. When required for use each of these upper beds is drawn down into 
tho {Kwition shown at £, where it is supported on suitable fixed ledges. In this position it is 
4 ft. 8 in. above tho fioor, or sufficiently high to clear the heads of |xy>ple sitting on the seats 
Isjueath it. Kar^h upper bed £ £' is provided at each end of its frame with a couple of small brass 
pulleys I*, over which, and over pulleys P' fixdd to the partitions, there passes a suspending cord 
lormcxl of eover«3d copper wire, this cord l^iug cafiable of sustaining a load of 6 cwt The pulley P' 
fixixl next the side of the carriage is, it will be seen, larger than tho others, and it is double, the two 
ends of the cord passing over it, and l>eing attached to a counterbalance weight running in a 
Hiiitahle casing in tiie side of the carriage; this weight being such that the bed is perfectly 
balanced in each f>osition, and it can thus be raise<i or lowered with great ease, and when closeil up 
it is secured by a luck and key. Above each of the upper beds, when raised, there is a space which 
provides sbiwago room for tho mattress of the lower hod. Curtains ate provided for snuttiug off 
the IksIs from the central {sissage, and there are also small ladders or portable steps for giving 
convenient access to the upper Ix^ds. 

V 1990. 



1991. 


In Flew, 1990 to is shown n composite saloon and slot^ping carriage consirncted by the 
ttailway ItotUng Hhx'k Onstruction Onu|>any, Breslau; Fig. 191K1 is j^iirlly a side elevation and 
fsirtlv a lotigiitidinal section. Fig. 1992 is a cross section, and Fig. 1991 a plan. 

Tile principal dimensions of this carriage aro as follows ; — 


n. In. 

Ixingth of bmly 89 10 

,, frame ,, 80 6 

„ over buffers .. 84 14 

Width of body outside .. H C) 

- ii{ i 


fl. In. 

Total width over nil .. 10 0 

Iloighi from level of rails to 

centre line of buffers .. .. 8 5 

Distance iH'tween whcH'l centres 10 4J 
Lengih of bearing springs .. G 9 


The ttndcrlVaino Is entirely of iron, and bedween it and the body are interposed steel auxiliary 
•pringa B, 8 fl. 71 In. long boiwoeu end mties, there being four of these springs on each aide of 
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the carriage ; they are placed directly over the soles, upon which they bear, and their ends are 
coapled by links to angle irons, of which a pair extend longitudinally under the body on each side 
for Its whole length. End motion of the body on the uuderframe is prevented by means of radios 
links L, situated at the four comers, and pulling against indiarubber pads, while too great 
freedom vertically in prevented by leather straps I, attached to the corners of the body, and 
connected to pins pulling against very thick iudiarubber rings, 
which have a biaring against brackets fixed to the underframe. 

Tlio dmw'har is ooiitinuous ; the buffer and draw-springs being 
yolutes, and the boilers having wrought-iron skeleton casings. 

The {lauels of the carriage are of iron. Besides the lengitudinul 
angle irons already mentioned as supporting the auxiliary springs 
8, the body frame is further atifieued by bottom cross bars of 
'Y’ iron filled in with wood, alternating with croM bars of wood 
only. The roof and floor are double. For balancing the window 
sashes of the doors, an arrangement of counterweights is provided, 
tlie counterweights being connected to a bar, on which the sash 
rests wlien partially ojien or when lowered, this bar serving also, 
w’heii in its highest position, to close the well in which the sash 
runs. The standing pillars are furnished with the finger guards 
very generally used on Gi‘rman railways, these gudhls each con- 
sisting of a strip of stilf leather, fixed eo as to overlap the joints. 

The doors also have strips of iudiarubber let iuU> dovetail grooves 
in their framing, these strips closing agiuust similar strijis let into the body framing. A ventilator 
is providisl over each fixed side light, and the lavatories have ventilating cowls V, in the roof. 

The carriage is dividt^i into two double compartments A B, having between Uiem a central 
space, which is divided by a diagonal partition so as to form two unequal -sixet) lavatories L, e^h 
coutainiiig a water-closet. The lid of each water^loset is connected by a link with the flap which 

1993. 




1994, 


coven the month of the discharge pipe, so that when tlie lid U opened the flap Is closed and the 
reverse. Tht? first-class compartment A provides accommodation for nine pasaengen : it Is trimmed 
with green Utrecht velvet, and the seats are so arranged as to form comiortahle oottchos, as at 0, 
Fig. IlKK). Of a pair of opposite seats one merely draws out to an extent limited by a hook II, at Uio 
back, while the other when siuiilarlT drawn <nit tilts slightly, and draws dovm after It a iKirtion of 
the back squab which is fixed to a frame hinged to Uie frame of the seat ; a hook E, fixed to the 
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partition limits the descent of the squab, while a link 
K controls the drawing out and tilting of the scat. 
The second - class compartment B ^ accommodates 
thirteen piissengers, it is trimmc*d with drab olotli, 
and the seats simply draw out, as shown by the dotted 
lines at C', Fig. 19^0. The carriage is warmeil by 
briquettes placed in suitable iron casing M arranged 
under the scuts ; the diK>rs for inserting these bri* 
quettes being shown at D. 

The weight of this carriage, when empty, is 11 tons 
10 cwt., or a dead weight of about 11^ ew't. a pas* 
senger. 

A second typo of continental ooiuposito carriage, 
constructed for the northern lines of the Austrian State 
Kailwa^'s by F. KinghotTer, of Smidiow, near Prague, 
is shown in Fig. 1003 in side elevation, and in section 
thremgh the oou|>e, and in Fig. 1994 in plan. This 
carriage is mounted on a composite frame, tho soles 
l»eing of I iron, and tho n^st of the fnime of wood. 
The outside panels also arc of iron ; and the roof of 
the carriage double. 

The principal dimensions are as follows ; — 

ft. in. 

Length of body outside, ex- 
clusive of projection of coupe 24 44 

Le ngth of frame 24 7 

Width of IjckIv outside .. .. 7 7|- 

over all 9 4 

Height inside at centre .. .. 0 5^ 

Ixmgth inside of coupe .. .. 5 3} 

„ ,, of first - class 

compartment 7 0 

Length inside of each second- 

class compartment 5 Of 

Distance apart of soles be- 
tween centres .. 6 4 

Length of bearing springs 

Ijet ween centres of eyes .. .. 0 2’ • 

Wheel base 14 6} \ 

Height from level of rails to 

ceutr(5 line of buffers 3 5J 

The w'l'ight of tho carriage ompt}’ is 8 tons 15 cwt.* 
or a dead weight of 7 cwt. a passenger. 

The Ixwly is divide<l info four compartinontAs two 
first-class A, and two M'oorul-class B ; one of the first- 
class eonipartments A' Ix iiig a c<»uix% accnmmo<lattiig 
time pasoengors, and is fitted with seats affording 
sieeping accoiumcKlution, as shown at C. The end of 
the carriage at which the coujui in situati'd, instc'ad of 
being ina<ie flat as usual, projects outwards, bedow the 
windows, to the extent of 9* in., a recess K being thu.s 
formed into which tho lower parts of tho beds, or 
exhjijsion of the ordinary s<;at4^, can lx? fo)de<l ; the 
reccBii also nccoinmoflating cushions or pillows for the 
head. In the plan. Fig. 1991, two of the extensions of 
tht! scats arc sliown folded up, whilst the other C is irt 
the horizontal |x>sition. Tiie first-class com{)artment 
A is fittest up in the ordinary way, and acooromo<iatcs 
six i>assengers ; the second-class compartments B, 
carry eight passemgers each ; tlie total number of pas- 
sfingcra carried by the vehicle Iseing twenty-five. Tho 
first-class comjKirtmenis arc trimmed with crimson 
Utrecht velvet; the mouldings, being of walnut and 
maple ; and the arms of the seats are made to fold 
up out of the way when desired. The second-class 
compartments have the roofs and interior above the 
cushions linixl with oiiclotb, and the cushions covered 
with leather. 

Puiirrtan Cars . — The first of these cars, was con- 
stmeted by Pullman in 1859, nnd was run on tho 
Chicago and Alton Bail way, l^tweon the former place 
and Kt. Louis, a distance of about 280 miles. Tho care 
einployod upon the English railways difler somewhat 
from those on tho American lines, being carried on 
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four-wheeled bogie trucks, while the practice in the United States is to employ six-wheeled 
trucks, the cars so mounted being statoa to ride more easily and smoothly tlian those on the four- 
wheeled trucks. 

Figs. 1995 to 2011 relate to these cars. F'ig. 1996 is partly a side elevation, partly a longi- 
tudinal section, and partly an elevation of the body framing of tlie drawing-room car ; Fig. 1999 is a 



half cross section and half end elovniioti ; and Fig. 1997 a plan of the same car. The sleeping car is 
shown jMirtly in side elevation, j>artly in longitudinal section, and partly an elevation of the framing 
in Fig. 1998; in cross section in Fig, 2000; and in plan in Fig. 1995, the end elevation l>eing similar 


to that of the ilmwiiig-r<K)in ear, sliovrn in Fig. 1999. 

I'he prineipal diiiicnsions of thes^* cars are; — 

ft. in. 

T^ength over end platforms 58 0 

Width 9 0 

Height alxtve level of rails 12 11 

l/<mgth of IsKly 51 6 

Width „ outside 89 

„ „ inside 8 2 

Height ,, outsiih*, at sitles 6 10| 

„ „ iiisitlc, at centre . 8 G| 

Wheel Ivise of each bogie 6 6 

Distince apart of centres of bogies 39 0 

whe<*l base 45 6 

l.^'iigth of lK»gie truck 110 

Width „ 6 10^ 

Diameter t>f wln-c Is 3 6 

IsMigth of axles 7 3 

Diauiet(‘r „ at centre 0 41 

„ „ at liack of wluvl 0 5 t 

,, „ at wheel 8ei\t 0 5 

,, journals 0 3J 

I .oiigth of „ . . . . OS 

Distance? lad ween centres of journals 6 6 

UadiuH from holster nin to centres of rubbing pitx’es .) 2 0^ 

Frineipiil tiraln'rs of m^gie frame 4 in. by 7 in. 

liongitudiuahs F and N 3 „ loj „ 


Cir Fritmm'j ; — 

Total length of framing .. 
l^-nglli of framing of bcxly 
Width of „ 

S«>lo8 

Ixmgitiidinals 

Cross tiiul>ers /' 


5 in. by 7 in. 
4 „ 51 „ 

41 „ 7 

„ •'^1 


57 0 
52 0 
S 7 


The construction of the Ixxly framing of these cars will Ik* readily under8to<Ki from the eleva- 
tions, Figs. 199<i and 1998, anti the plans and seetious. Figs. 2001 to 2004, and from the following 
description. Fig. 2001 is a half plan of the under side of tl»o lK>ttoin framing; Fig. 2002 a longi- 
tudinal section of the same; Fig. 2003 a cross section on the line ab; and Fig. 2004 a similar 
section on the line r d. 

The floor flmtiitrig consists of four longitudinal timbers, besides the sole-bars, the.se longi- 
tudinals and the sole-bars being connechxi at short intervals by transverse timbers /, and resistance 
to oblique strains being given by a doulde flooring, the planking of which is laid diagonally. The 
sole-bars are strengthened by truss-rods T, and at four points Iwtwoen the bogie centres there are 
also transverse bt»a(ers which are stiflened by double truss-rods. The sole-bars between the 

3 T 




•loot 
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bogie oontroB are strengthened not onl3r4>y the truss-rods T, but also by diagonal timbers and 
straining beams, which form a regular truss beneath the windows. Besides this, a tie-rod or 
oounter-braco O extends along each side under the windows, this tie-rod bearing upon cast-iron 
struts fixed on the sole-bars in a lino with tlie bogie centres, and then extending obliquely down 
through the soles so as to give support to the ends of the car, and keep all parts of the trussed 
framing well up to their work. It will thus be seen that the floor, combined with the trussed sole- 
bars and the body framing beneath the windows, really constitute a kiisd of girder of i — h section, 
and form a structure possessing great powers of resistance to either compressive or transverse strains. 
The upper part of the body framing consists of vertical pillars of appareutly light section, a number 


2009. 



of these pillnrs l>eiiig, howev<*r, strttngtbc ned by wmught-iron ro<ls c extending through iheiii from 
top to bottom, ns sh(»wn by dottiHl lines in Fig. 1998. An appeitrance of great lightness is thus 
obtaivK^i without a sarritice of strength. The central f)ortion of the roof of each car, a.s shown in 
Figs. 1999 and 2000, is crnisiderahly higher than the rest, and avoid the neees'^ity of carrying ror)f- 
stieks acro.ia this raisw*<l ]>art, X *** largely usetl in the roof framing, tlie X roof-&ticks 
following tl«e contour of the loof. 

The cars are fittc^l with central bufibrs and couplings, the end phitforms and the couplings 
being arrange I on Miller's synb-ra, which is in extended !is<* in the United States. In this arrange- 
ment tlie cemprassive strains are receivcHl by c*>ntral buffers B, Fig. 2008. placed uliovc the o<mpli ng 
huok H, thc.'jo buflors transmitting the strain direct to the framing. The coiijding hooks H arc 



formed on the ends of bars of cruciform st^ction, and arc connected to draw-springs fixed to the two 
central longitudinal tiiul>crs of the floor framing, the connwtion being such that the outer end of 
the hook is free to move hori»>nially to a small extent, although its tendency is to remain in 
a central position. The ends of the hooks H j.ro so formed that when two cars are brought 
together the hooks at first push each otlier aside, until the cars luiviiig oome sufficiently close the 
hooks engage each other, the operation of ooupliug thus being automatic. When the cars are 
coupled the hufiTers B are somewhat compressed, so that there is no slack. To uncouple the cars 
one of the hooks H la drawn aside by the han<l lever L, Fig. 1999, which is connected to the hook- 
bar by a chain, while by pulling tlie lever L over into a notch, the hooks can, if desired, 
be kept from engaging with each other when the oars ore brought topjther. In the case of these 
cars, nowever, it has also been necessary to provide for their being in some instances coupled up 
with stock having the ordinary side bufi'ers, and for this par|iose the arrangement in Figs. 2005 
to 2008 has been designed. Fig. 2005 being a plan of the underside of end of bottom framing, 
Fig. 2006 a side elevation, Fig. 2007 an end elevation, and Fig. 2008 a longitudinal section of the 
same. On reference to these drawings it will be seen that the side hufiTers and central draw-hook 
K' can at any time be very readily removed, the latter being replaced by the bufiTer B, while the 
hoolr H can be connected to the smng 8, specially provide*! for it. The alteration of the car from 
the side to the central buffing vywmt or the reverse, being thus an opeiaiaon requiring only a few 
minutes for its perfonnanoe. 
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FigB. S8009 to 2011 are detail views of the wnstructton of *^*5®,*™?*?,*® 
cars iS© mountciL Fisf. 2009 is a half lon$ntu«hfial sootiun and half Sldo elevation , J«ig. ZUlU a 
half end deviation and half cross section; and Fip. 2011 a plan. Those trucks are four-wh^lwh 
and are fitted with wootlen disc w'heels 3 ft. 6 in. in diam. The bolster IxHiy is oonnocted to the 



of these sprinjjrs on each side. The beams D and M, together with the springs li are free to swing 
laterally, the beam M taking its Waring on the pins which oonnoet the lower ends of tlio links 
T oil cacli side. By the links T tlie swing beam M is susjiended from tht' aide frames K, and 
these, in their turn, bear uj>on spiral springs 8, which are intorposo<l between their under sides and 
the upper sides of the bent bars B, the ends of these latter resting upon the axle boxes ; the load 
being thus transmitted to the axles through two series of springa 



The interior of this car. Figs. 1990, 1099, is divided into a main saloon A, ft. long ; two 
private crmipartments B, each <» ft. long : and some smaller compartiiK'iits fr^rining lavatories. 
O^mmencing at the end I*, Fig. 1907, it will W* seen that access to the inU^rior of the car i^ afford***! 
by a eentnil <lo«.>r opening into a ^hort imssage provided with another door at its inner end. On 
one >ide of this i>:isi«ige is the genlleiuerrs lavatory L, and on the other side that for ladirw L*. 
From this paai>ag^ access is gained to the main tdiloon A, which C4»ntaiiis sc'vent 4 *<*n chairs. The 
chairs are of a very «•omfoItah!e shapi', and are each ii;oiintc»l f»n a central standard »*o that they 
can he tume*! aliia^st completely round, their motion being only limitofl in tiie dir«*<*tioti of the 
c< iitr.d passage, which it is deMrc*! to keep cJcjir ; while hy drawing a Isdt ea**h cimir is left fr«*€^ 
to >H* cantc*l backwards into the {position F, Fig. 199*;. From the end of the main saloon a |>assiigo 
I» leads along one sitle of the car, pa.st the twr> privah* conifiurtriients B, doors o{ieniiig from this 
)m ssage gi>ing access to these coin{sirtiiieTtis, each of which contains a h€*at or i»Dfa, and two chairs 
similar to those in the main saloon. Ik^ryond these pnvat<5 corn}>artments is a kind of lobby F, 
having on one side a small compartment H, erpntaining the heating aniwrattiH, and on then other a 
store cl<»set 8; a do*>r from this lobby oipening on to tin? end platform l*\ In the internal fittings 
of these cars no exrierise has Ueri sparr J to aild to the c*>infort of the passengers. The strata, which 
are very ctimforlahh , are upholiii<;re<l with lftn?rht velvet, the floor is well car|>eted, and the 
intcrrior is well lighted by handsome lamps K, arrangtrd as in Fig. The lining panels 

are of American walnut relievi*?! hy gilt chamfers, which contrast well with the colour of the wood. 
The windows are large and w#dl fitted, and are provtih-^l with bliD<ls mmle of a pt^MiUar material 
finished off with stanific?*! leather. These hlimls are mounto*! on rtdlors fitted with a very neat little 
contrivance for hoMing them in any fiOFition, and which, unlike Hiich contrivances in general, doea 
not seem likely to g#it out of order. It consists simply of an t HipUeal cam fixed to the ndler, and 
pre*K«ed u{ifm by a spring, the result ht ing that at two p»int« in each revolution the roller Unds 
to stn k; the material of the blinds iKnng snfhei.ntly rigitl t, iinfsirt motion to th*^ w>lh*r, and to 
move It {past the sticking pdnls wIkju the blind is piisln-d up. With the exception of the latnpa, 
and the hat-mil brack* ts. which are bronze*!, the nmtal work within the car, such as the door 
handles, and the like, is almost all nicked plated. The water for the tavatoricMi is osnitained in 
beneitth the liasins, a small pump lieside each Isisin raising the water as required ; this arrangement 
)>*;iiig mlopted t*» avoid the t niploymcnt of rrspf tanks, which are diffioutt to fill. Each lavatory 
ftlho conhiins a aprictal cistern containing a supply of drinking water. 
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The internal arrangements of the sleeping car. Figs. 1995, 1998, are as follows. Entering 
from the platform P wo pass through a passage L, 5 ft. long, having on one side a gentleman^s 
lavatory G ; and a wah r-closet W, and linen closet C, on the other. At the inner end of the 
passage is a door opening into tho main compartment A, wdiich is 25 ft. 9 in. long inside and is 
traversed by a central aisle from end to end. On each side of this aisle there are, daring the day, 
four pairs of scats 8, with a table T between the seats of each pair. For night service the tables T 
are removed, and each pair of opnoKite seats 8 converted into a bed B; while a second bed B' is 
formed above them. To form the lied B, tho scats S are drawn out, and the hacks tlien fall down 
and fill up the spaces left by the withdrawal of the scats. A mattress is then placed over the 
seats, and in this way a very coinfnriablo bed is obtaim d. Tho arrangement of the upper tier of 
beds is shown in Fig. 1998, und in the cross section. Fig. 2000. During the day the shelves con' 
tuining these beds are folded up obliquely against the roof of the car, as shown at D ; whilst when 
required for use they are drawn down as shown at B'. The beds B'arc balanced by connecting the 
shelves by a chain t<» a coibnl spring V, tho spring being coiled up as the Ijod is pulled down, and 
the reverse ; and can thns be pulled down or pushed up very easily. When down they are at such a 
hoigiit above the llcxir that passengers can, if they desire it, still occupy the sc^ts beneath them. 
The seats 8 are each of sufficient length to acconinKxlate two passengers, and the beds are nomi- 
nally double beds ; they are, however, rarely occupied by more than one jiasscmger each. T/ie 
mattress and Ixxl linen for the lower IxhI B is, during the day time, stowed away ujion the upper 
one B', while a box below the seat receives tin* pillows, as at P, Fig. 2000. At the end of 
the main compartment A is a second linen cb'set C' ; while lieyond are two private compartments 
L, which are enU?red from a fiassage which runs along one side of the car; and lietween these com- 
partments is a tbir<i linen closet C". Kaeh of the private compartments D couUiins a couch, which 
can be dmwn forward at night so as to form a eomforbihle. double be<l; there is also an upper bertli, 
ami two mnits which are also convertible into a bed. Beyond the private compartments is a lobby E, 
having on one side a ladies* lavab^ry and dressiug-rciom II, and on the other a small compartment 
containing the heating npparatiiH II ; a do<ir o|>eiiing from this lobby giving access to the end plat- 
form P'. Tho semts, as in the drawing-rrom car, ar<i npholstercMl with Utrecht velvet; all the 
inb rnal woodwork Ixiing of American walnut, rcli«'ved by gilt chamfers. 

'I'lie warming of tliese cars is effected by lait-water pijM*s le<l off from warming appiiratns 
contaiiH^d in the c<*mpartrnent II altt^ady mentioned. *rhis apfiaratus consists of a small heating 
furnace or st/»vc eoiiUiititng a coil of piping; the water heatti l in this C 4 >il parsing up to a tank on 
the roof, and from thenee Ixiiig IchI off through the pip* s wljich i^ubb along the. sides of the 
carriages below the windows ; a return pijx- bringing it back, when cool, to the beating coil. Tlie 
water thus circulates coiistuully, wiiib* the stnnll tank on the roof scarves to contain a reserve su]»plv 
which will iiiake up any slight lns.-<cs due to eva|iorati«in or leakage. 

I'h** veiitilali<»n is provide* I for by the wimlows, by om nings at the sides of the raised portion of 
the r<Kif. und by air iiib*ts in th** under ^i<U•s of the Iio-hIs whioh protect the end platforms. These 
air inlets, as wt*!! as the other roof o|H‘nings. being by fine wire gauze, so as to uv<»i*l 

is’vere ilraiiglits, an<l pn^vent the entranc** <if ilust aiul einders. 

Each of tl»es<' cars is fitte*l with the We.stiiiglioiise air brake*; the brake blocks, which are of caat 
iron, Ix'ing ajiplted to all the whe«.ls. 



fW-v Vans. — lu Figs. 2012 to 2021 are shown tho Post Gfiiee vans ^H)n^tructed for the 
Austrian Mall 8orvio<% by the Bail wav Carriage and Waggon Company, Simmering, near Vicuna. 
These consist of a travelling I'ost Omoo, Figs. 2012 to 2010, fitted with complete aocommodatiou 
for sorting lotU^rs, and a tender. Figs, 2017 to 2021, o«)nstructeHi to carry the mails in bulk, and 
parcels. Those two vehicles coinmunioate by end doors !>*, and an iutormeduite platfonu which is 
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protected from the weather by a flexible passage or casing of waterproof canvas. They are close 
coupled, being always intended to be run togetiier ; and the tender is fltted with a brake worked 
from a covered guam’s seat S, provided at one end. The frames of these vans are of the composite 
tvfie, with wrought-iron soles and the rest of timber ; and tlie wheels are of wrought iron. Both 
the vans are of t)je same dimensions ; namely, 21 ft. 9^ in. long by 8 ft. 9| in. wide outside, and 
6 ft. 10 in. high inside, at the centre, and are each carried on four wheels, with a wheel base of 
11 ft. 4| in. The weight of the sorting carriage is 9 tons and of the tender 8^ tons. 



at right angles to the position it occupios in the plan. Fig. 2010, nnd is soenrod by a bolt. Tho 
larger oompartmeni of the van A is admirably flthHl up, all the furniture and fittings l>eing of 
ix>lished oak, and of excellent workmanship. Along the sides and across one end extend tables 
oovored with leather, alxivc which are arranged rows of boxes or pigeon-holes P, for the rtH.'eption 
of the sorted letters, tho interiors of these boxes lioiug coveretl with green cloth ; while umlcrneath 
each row, brass frames are fixed for rennsiving tho names of the various towns to which the boxes 
oorrespo&d. Two rows of those pigeon-holes are intended for letters coulainiiig money or valuables, 




1016 ’ ROLLING STOCK. 

and are fitted with locks and keys. Beneath the tables are drawers and boxes, also fitted with 
looks and keys, and intended for the reception of pa^ls, whilst beneath the fVame of the carriage, 
at the centre of its length, is fixed a locker L, with side doors, in which other parcels can be 
stowed. The office furniture also includes three turning stools E, a chair O, mcktbrend-baskets 
and knives, hat and coat hooks, luggage carriers, w^hilst the lighting is offeoled by two nx)f 
Inmps K, throe movable wall lamps H, provided with pi|)es V, f(»r lejiding off the products of com- 
bustion, four br»\nehc8 I, carrying candles, and throe hand oandle-lain{>s. The wanning is effected 
by a stove S, armngtd as shown, there l>eing in connection with tlie chimney of this stove a con- 
trivance for ventilation on Meissner’s system. Tlio ct iliiig of fho carriage is covered with oilcloth, 
and the floor is of i^rquetry covered with a carpet of leather. 



The other van, or te nder. Figs, 2017 to 2021, ha.s* internal fittings of n very nimple kind, f.h*>e 
consisting mc^rely of shelves K, for the reception of parcels. It is ( ntertd by doui»ie side dfKirs I\ 
and is provide**! with tlie end door D', alrejoly referred to. It is bghted by two roof lamps It'. 
Beneath the fl<x>r at the centre of its hngtii there i.s arrangisl a hx*ker b', with si<le a* in tho* 

ease of the companion carriage ; th*' side fo*»tl>*»anls *»f l»f>th carri.ig* « lieirig fitUd witlj jfartitions 
which fold back to give ace* ss to thes<- lorke,rs. 


201’ i. 



rtW Prori^i/m — Waggor#« inteiide*! for the tn»ns|»*»rt «*f fnsh m*a!, butter, milk, 

fish, v<'getables, fruit, an*i the like fK^rtshable artudes in goed coDclition in ail seusofis and U*m|K-ra- 
tures, must l>e so construct**! that tlu* tratminissinn of h« at to the interior shall Isr* practically 
previmtfd, thf3 ternjierature tti*T«‘iii ladng k**pt as iiniforin as fs^sstble ; thf^ sabl t4'*mjferattire rtinging 
from 3P to F., according to tie length *»f time during which it is requiren to prt'servt* th*' 
provisions. For it mm^t Ik* U^rofi in initMl tlmt the b nqieratfire to which meat should lio exfiosf d 
during transmission should never Ik* lower than that iH cessary to iK’ctire jK^rfei't fK»uTKltieMS ; as meat 
whicii has been st/»red at a very low ictifis ratiire, raphltv d4'U3rtorittes in appcjamncf’ when exjicssd 
for fefile in a marked, by reason of tl^e conderuiatioii of lb© moisture of tlie atinosplier© which lakes 
place on its surface. Another necessary ff ature is that the air within the waggon must be 
constantly changed, and U fore coming in ef>iitaet willi the articli^ iransportod it must cU^aited 
from tin; dust, smoke, and cinders with which the atmosphere surrotitiding a railway tndii is w>n* 
stantly charged, and it must be cooled and dried. The interior of the waggon also tnnsi be so 
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dispofled and dtted aa to admit the convenient etowa^^e of the meat or other articles to be carried, 
anomust be such that it may be easily kept in a state of perfect cleanliness; the doors being so 
arranged that while affording perfect facility for entering the waggon and loading and unloading, 
they can be hermetically closed, absolutely excluding the passage of air. 

One of the best of these railway provision waggons, or refrigerator cars, »» ^hey are often 
termed is that of W. D* Alton Mann, of Mobile, Alabama, U.B , Figs. 2022 to 2024 ; Fig. 2022 
is a longitudinal section of the waggon. Fig. 2023 is a cross section, and Fig. 2024 a plan partly 
in secticiii. The walls, roof, and tloor of this waggon are double ; the outer casing A 
ftirmod of planks or boards, and the inner casing B of sheets of zinc or otlier metal not subject 



to oxitlation; the fl<K>r has also planking under the zinc. To one or other of these casings, on 
the iim**r surface, there is addcHl a shc'athing C of pn ssimI pnpt‘r Ixiard, or similar material, and 
the space lKdwf*en the two w<»lls A B is OIUhI with sawdust, charcojil, or other slow heat eond noting 
material. For ilie iittrcKln<*tion of fresh air int<» the waggon with the lu^essjiry force when the 
waggon is in motion, one or more pipes P arc prc»vid<Hi. each terminating in a double funnel D' 
at tiic top of Uie waggon, and in the throat of them* double funnels i^ placed a valve V ; the 
movement of the wagg<in in either direction causing the entrance of air by one mouth of these 
funnels, ami the valve V auimnaticnlly clo.Hing the tbr»>at oftlie other funnel. The air in entering 
the furmels IV encounters first a slioet ^if win> puizo Z, which i!»ten»epts the larger particles of dirt, 
s|>arks, uiul the like; the air thus jiartially cleansed then desCemls tlie tul»cs 1), and is further 
piirifiod by the precipitation of other imiiiolcs of dust into the cujms K at the liottom of the tulx^s D, 
the dust cti|>s, fi>r facility of emptying, Indiig attache*! to the tut»es P by bayonet fastenings. 
The air then passes by the branch P* into the large box <1. which is susi^nded from the 

frame, and is filled with damp willow simvings, hay, gross, or other suitable material ; and 
in order that these willow shavings, or other nmteriul, may not settle into a dense mass, a number 
of horiiontal wires or thin spikes O' aie attwjhwl to the back of the box G, projecting nearly to the 
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front, and with the shavings, or other material, distributed among thorn ; the ftont of the box Q 
has a door H, hinged near the bottom, which is water-tight ; thoreforo a certain quantity of water 
is retained in tlie bottom of the box, the surplus quantity dripping out at this door ; and the air 
passing through this muss of dump shavings, or the like, is freed from tlie dust and cinders that 
may not have been previously romove<l from it The air then ascends, and passes through the 
vertical tubes I, and through the horizonttU ix>rtions V of tlie sumei tlirougli an icc tank or reservoir 
J, placed at the top of and entirely within the waggon ; 
the said tulx^ I being so l>ent and arranged that they 
pass and return through the entire length of the ice 
reservoir, constantly ascending, or inclined upward, in 
order that tlie water condensed from the air passing over 
tlie inner surfaces of the pipits resting in the ice, may 
drip bock into the box 6. This arrangement is most 
iin]K>rtant for ensuring a dry condition of the air entering 
the w'aggon, which condition is essential for the proper 
prt'servution of moat and similarly jx*ri>hnble articles. 

The air is tlnmce dischargt d at dilTereiit points into tlie 
compartment K, which is loosely lilleil with blocks of 
charcoal, or otlier material that will rapidly absorb 
moisture. From this compartment K the air escaiies at 
tlie top on either side the o|>enings L, and passes over, 
and is then dUseminuhd throughout the waggon in a 
pnritied, ccK»led, and dried cotaiition. The ice reservoir 
J is formofl of galvanized iron or other non-corroding 
metal, and may ar.lvaiitage<msly be c<^migatoil ; it is 
placetl wholly within the body of the waggon, and thus 
presents the area of its entire surface to tlic air in the 
waggon, and thereh^re acts most erticieutly to cool the 
same. At the l>ottom of the reservoir J is provided a 
gutter >1, into which any inuistun* on the outside of the 
ice re.servoir will drip, .such dripfungs being <‘onveyed 
therefrom tlirough a pipe, inbi a receptacle provided for it at the licottom of the waggon. The water 
ressultirig from the gradual melting i»f the ice in tlie reserve »ir J is cfuiducb d hy a sinall tula* O into 
the U>x G, where by means of a perforated tulKi P it is m distributed a.s tc* moisten ami cool the 
entire mass of material in (he l>ox. The air fc»rc«*d into the waggon through the fun m hs !>'. us 
al>ive dcscrilx‘d, is exhaustcnl at the opjh»sito end of the ivaggon by uiem.s of the Vt rti**fil tnU-s 
These tubtM are placed outside the waggon, with their lower end exteiidmg and opi>ning into the 
same, and they arc each provided at the tof> of the wnggim with a funnel or « xhutister K, p (0 joint<'<l 
then-to as to tiini fretdy with any change.* in the direetion of moveiiH iit of the wag«:on ; and thus 
ihrctiighout the movement of the s/iid waggon a ^tnmg draught from the inte rior oiilwardM is 
pnKlu<*4 d by these fuunela. w hich draught acting in coinbiiiation w ith tlie forcing action of th<* fixi'tl 
funntl.s D'at the other end of the waggon, wlieuever the* latter is in motion, will eiistin? a rapid change 
of the air in its interior; (he rapidity of this < hangc of air l>eing regiiliitt?f| by valves in the inlet and 
outlet pifX'S. T4> carry the ho»*kft for attaching the carcai^es of meat, the l><atiis S, which consist of 
flat hars of iron arranged in pairs, are placed across the wnggon at the* <*omic«', the said l»eams being 
stayed t*'> the n>of by the diagonal brace^h and on the Isatns S are j>laced a numb# r of suitable 
h4K>ks for the susfH-itsion of the entire carcases or large j<*ints of tni'at. A second scries of movable 
U*ums S®, fitted with h<«>ks, may l>i» in.H# rted at a pri»|»er hi iglit to »iipjw»rt siimller joints or pi»-<H*s 
of meat: f‘r long movable hcs>ks may h*- tf*m[>onirily ntUiche#! to the Uum S to servt; ibis lutt(«r 
purjj^siC. When the waggon is n <|niri.^l for carr> ing fruit, v« get#bh s. flowers, and the lik«*, it is 
pn»vide»l with ruck.** or shelves in place of the l^eams and h<s"»ks det*erilxHl. The ic^* tank J 

is .*?u-jsmde4l fn^rn the rafters by strong straps, thus leaving tiie entire length of Imhiiis char ff»T the 
adjustment of the meat bfHkk.M, as shown in the cn»»« aw'ct ion. Fig. WJtX The i<*e reservoir,! and 
the C4*nqsirtment Karefltt#d with dcsirs J' iii the trq# to aidinit the ic«' and drying mati*riul, the 
Haiti ilorirs Udng accessible by romsfionding dw#rs or tra{jH in the rlonlde* ris>f, tsi eonstrucb^l as 
to Ite air-tight when chm*<l. T#) effectually etisuni the proh-cti'm of th#' waggt»ri roof fnaii the 
direct rays of the Hun, a false; rrjof T fomu'd of canvas «irelch('«i ovt-r light rafters T', which arc? 
sup|Hjrte#i by brackets, is plactd a few inches als»e the true rrsif It, this fiibe roof ladfig also 
provid# d with doors or traps to jK‘miit ace* ss to the floors J" in the trtu* ror»f. 'rhe doors U slide 
on rollers, and to ensure the air-tight ch»siiig of thesis d«*c^rs, an iDrlittniblwr tuls* V' is pla«*«Hj 
entiredy round the opening in the waggon side-s, and the dor>T. when shut, is brought flriidy against 
this indiaruUx r tiilje by means of the Udts V\ which puss thrmigh tluj dfs»r and ocrew into tai»peti 
hoh*s of the wall of the waggon, thus ensuring a |#erfectly air-tigbl joint U twwui the sides of the 
waggon and the dof>r. The d^s^r L' is sometimes fortiicil tloiibb*, or in two |*aratlel parint, one fil(t*d 
inside and the <^>ther outside of the waggon walls. To f.icilitaU; the profMjr cleaning of the interior 
of the waggon, the interior surface f»f the is nwde b» slightly tticline to the centre thfouglmut 
its entire length, and a hole or well in the fles^r, fltu*<l with a suitable plug, iienuits the e«ca|H> of 
flui#ls dripping from the meats or us<;rl in ch/aning the waggon. 

Figs. 2025. 202G arc of Knott's refrigerahir ear, or provision waggon. Fig. 2025 Isdng a 
longitmlirml wjction f»f the waggon, and Fig. 2n2i; a crom secliori of the same. The whole of tlio 
iiibTior ot this waggon is siirnmnded or Itrnrri with any suitabh* tion*cirjinducting sttbsiiince o, and 
is r# nden*d perfectly air-tight. The chuiubc;r or rc-c* iver A I> (or cotiifdiiing the ns|uire4 ntfrigemi- 
ing agents for prisiucing the desirv^ low temperatun*, is formed in tlie Uqi of the* waggon. TbI* 
chaiidsir or ro(*eiver is i^onstrtichd of any suitable; metid, and is tiia«ie of tlie same width aa the 
ol the waggon, and is supported on suitable ledges B, fixed along the sides of Uio waggon. 
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A MUftll apace O is loil between the top and the ends of the reeeivor AD and the non.eonductmg 
lining a of tlie waggon for the paaaage of air. The top part D of the receiver A D is m^e wme- 
what shorter and nn^wer, hut deeper, than the lower part A, as shown, and rerves for the in^ 
duotion of the refrigerating agents from the top of the car, which is proyided with air-tight closing 
doors M for that purpose ; h are pipes or tubes passing through the shallow part of the reijeivor or 
tank A, for the downward passage of the cold air, as liereinafter deecrihed ; c smilar pipes pami^ 
in an oblique direction from top to bottom of the receiver or tank AD. On the under side of the 


2025. 



Haiti receiver ore fixed a Bcrics of gutters E, so arranged ns to eolUct the condensed moisture and to 
ciury it to u tmusvcrHC gutter K, jdiico<l at the end of the carriage, the condensed iimisture htdng 
carrioil off from the said gutter F, and discharged outside the carriage by the pipe G, which is jiro 
vide<l with a siplion II at its lower end, to prevent the inlet of the external air. From tlio bottom 
of the rt^reiver A |iassi^ a pipe I, communicating with the coil of pi|>es K jmnsing rnind the inside 
<if the waggon os shown, the lower end of the said coil passing out through tlie bott(*m of the 
waggon, this p»jx‘ Wing provideil with stop-w^cks J and L. In thi-n waggon the carcases or joints of 
meat or other iMirishable articles to In? prew'rvcil un<l trans|>r>rte<l, or RU>ied, are hung or ijaekwl in 
any stiitable miiimer, and lh<* refrigeratitig agents are inirrsliiced into the receiver A I> through the 
docirs M in sufllcmnt quantities to pnsluce the degri^i* of tempt ratiirc required, and the th>or6 aro 
then cbHMJ^l air-tight The air in the waggon will then, in a short time, W brought to an even 
temperature in iho following manner The wanner |X)rtiou of the air will pass up through the 
8])aees V in the top of the receiver A U, and w ill Ikcoiijc cofd and descend through the tubes 0 and 
<% and any nioisturt’ whuii it may contain will W comlenseil in these tulles and on tlie outside sur- 
face of the tank, and W coUecte^l in the gutters K, the ccmtitruction of the .said gutU*rs nt the same 
time allowing the cold air to pass downwards, as showni hy the arrows, and the moistun:' which is 
cnllecti'd in the said gutters will run into the transverse gutter F, w hence it will be disebargeti 
through the waste-pipe G outsiile the carriage. When the retrigt rating agente in the receiver A D 
shall liave become )kartially exhaiisUNl, the sb^p-cock J is turned on, and tlie partially exliausted 
agents will jmss into the coil K, and when thoroughly » xhaustod they arc discharged through the 
st*q>-cook li. In the meantime, the stop-cock J having U*t*ii tiinitHl off, the riH5i>iver A has Wen 
filleil with a fresh supjdy of iffrigemting agents. Hy this arrangement the |K>wer of the refrigerating 
agents, consisting of ice and salb ia fully utdi»Hl. 

Fwim the above diMicriptiun it is evident that in this waggon there will W a continuous circula- 
tion of the contniiu?d air, which will W constantly kept in a dry state, for any nmislure therein, or 
which may form thendn from its contact with the im'at or other arlich's in the waggon, will W <x»n- 
densed, and then WtviUectod in the gutbirs E and F, and W discharged outside the waggon. 

It will thus W sciui that this waggt>n differs considembly frtmi that of Mann, through which 
a continuous ciiiront of fresh air is maintained, while in Kuotrs waggon the air remains un- 
changed from tho time of h^iidiiig until the waggon is o|>cned for the removal of the mc;kt or other 
provisions. 

Tallerman, Gruning, r.nd Dawuay's refrigerating waggon, Figs, 2027 to 202t», oi^mbines tho 
fid vantages of the two systems above doscrilieii, ns by tho ojiemug or closing of certain valves, 
either the sumo air may Wi continually oirculabd through the waggon, as in Knott’s system, 
or a continuous current of ftrosli air may be passcKl through the interior, os in Mann’s waggon. 

The body of tins waggon is constructed wiili an inner and outer b<»arding, having either a iion- 
oondneting lining Wtween or a clear air s|iaco, but the invention may also W applied to any 
ordinary oovcrocl waggon without double bo<irtiiug. Fig. 2027 is a longitudinal vertical section of 
the waggon ; Fig, 202U is a halfjplan of ooil^ and half plan of ioe-taiik doors ; and Fig. 2028 a vertictu 
cross section of the waggon. Tlie pipes A are arrangeil as a coil tor the ciicuhition of the lur 
through III© cooling modiuiu ; 11 is the inlet pii>e fitmi the ouU'r air ; C is the inlet to t.ie c<^il l II 
the exit tmmpei-moaili into Uie inb‘rior of the w’aggon ; K is the ice or fuzzing mixture tank, of 
wrought iron ; F aro the iron covers of tho same, opening upwanls ; G are iron Warers 8upi>orting 
the coU of pipes A, and also funning th^ substructure of the tank K; H is the pipe leiuUug to tho 
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exhauster ; I the exhauster ; J the exit of tlie same, or discharge pipe ; K is a piilloy keyed to one 
of the axles of the waggon ; and M a pulley which is keyed to a cranked axle carried by brackets, 
pendant from the bottom of tlie waggon, motion being transmitted from Uie pulley K to the pulley 
M by the strap li, the said pulleys and strap driving tlie exhauster I. N is tlie circulating pipe to 
be used when it is n^jiiired to circulate the same air continuously through the waggon ; and O are 
movable woodim ot^vers forming tlie outside roof of the waggon, the said covers being made in 
sections to admit of easy removal, and fastened down by catch hooks and studs. 

2C27, 20as. 



The methoii of working is as hdh^ws:— The tank E l>t‘ing tilled with ice or other freezing 
mixture. an<l the van Unrig sent forwani on its journey, the motion of the whind axle communicates 
motion to the p'lrts K, L. M, which work the piston of t)i#' exhauster, and the air is drawn in at 
the inlet B, and pas.sc« over the top of the bink, l>ecorniiur partially cfxdi^l in its pii>s.ige. It is 
then <lrawn through the coil A, out at the exit 1> into the van, and thcnct‘ into the inlet 11, and is 
jiassed by the exhauster out into 
the atmosphere. Tti etfeot a con- 
tin nous circulation of the same 

air, each of the trumpet mouth . 

, I), Q, P is provided with a circular ■ ' (| ' 

cover, which may Ije oj>eno<l or 
at pleasure. On closing B 
and P it will evident that all 
connection witli the outer air will 
l>e jireveiited, and that ttnis the air 
containe<l in the waggon will Ik? 
drawn into the exhauster I, ainl 
continuously circulatcjfl through the 
cooling apfiaratus. 

Gooth Wa/fijon9 . — We c^me nowr 


to the r<»ii>nderation of Go<kIs and Mineral Waggons; for the following remarks i>n which we are 
indebted to a pai er rea<l liefore the Iii>titut:on of Civil Engineers, by W. B. Browne. 

The designing a railway waggr»n has its fieculiar difbculti(>s, nrising from Uie fa<'t that, in 
addition to the ordinary strains, which can bo calculated and allowed for, such a waggon is also 
subject to sudden and extraordinary' strains which defy calculation; and it is tlom? strains which 
have chiefly to lie considered in the building of a waggtm. The lca«ling jirincipbs thendore, must 
be that all parts shonbl lx* strong enough to sustain, without injury, the greatest shocks U> which 
they are liable in ordinary working; from which it follows that the strength of a niilwav vehicle 
must not, as in other structures, lx* proix/rtionf-d to the Imd it has b* carry. To show tfiis by an 
example, take the ordinary wih>bar of an 8-tofi or a 10-t<*n waggon. This, following the dimenMions 
six>cifl©fi by moat railway c^mipiinics, will Ijc a pi#«o of American niik, 1*2 in. dtx^p by 5 in. wide, 
and carrying a distribnUxi hiad over a length of about 14 fl. Taking 10 tons as the hiail, and 
4 tons as thc^ weight of the waggon itself, cxcliiatve of wh<?c]s, axles, aial springs, this disinhated 
load will he 7 tons, or jnst ^ Um a ft. ; and ibis load is supported on the two axles, which may 
Ik* taken at 8 ft. apart. On calculating the landing moments at the centre of this wheel Ixise and 
over the axles resfx?ctivcly, it will lx» found that tin* latter is (he greab'St, and that its value in 
inch'tons is | x 18 or 27. But calculating the breaking strain of a 12dfi. by 5-iu. ix*ctioti in the 
ordinary way, and assuming f as the mrxlfiltiH for inch-tons, ttie moment of rupture is found to bo 
r>64. This gives a factor of safety of 21, or at least doubb> what would be rrxjuired in an ordinary 
timbe?]? structure. It follows that fsme other cvuiMduTitiion must have led to the fixing of th*« 
scantling : an<l this of cour^.* lii« in the fact that the i^d* -liar has not merely (o carry the load, but 
to carry it under all the varying circunistanccts of shock end strain which have lUnsuly iM^tn atlud«^ b*. 
It migiit fesem an obvious deduction from the foregoing that the load of waggons, meaning thereby 
the total weight carried, in oppcxiition to the ** tan? ” or di*arl weight, ought to be largely increasecl. 
If the underframe of a waggon must in any case lie made so strong that it would carry 20 tons as 
^sily as 10 tons, would it not 1x5 true prdicy f4) jxit something approaching to 20 Ums upon it? 
^ns l<^ds at once to the question, which ought obviously tci form the first stages of inquiry, namely. 
What is the proper load for an ordinary waggon ? Tim Hading principle would seem lo be, that 
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the load should be as great as possible, but for reasons which will bo pointed out, the question may 
lie said practically to lie between 8 and 10-ton waggons. The question being thus narrowed, the 
difference between the cost and weight of an 8-ton and a 10-ton waggon has to be considered. 

“ Figs. 2030 to 2033 relate to an ordinary «-ton coal waggon, as built by the Bridgewater 
Engineering Company, the tare of which is almut 4 tons 7 cwt. A similar waggon constructed to 
carry 10 tons would weigh about 4 tons 14 cwt. This comparison would appear to prove that the 
lO-tuu waggon was decidedly tlie proper type, and tiiat, as even here the factor of safety is far too 
liigli, a yet grt^ater load might be resorted to. This conclusion, however, is negatived by the two 
following considerations; — 

“ Waggons n<it only have to lie hauled by locomotives ; they have also .to be shifted by horse- 
jiower in yards and sidings ; obviously therefore, it is a fatal objection if a waggon is too heavy for 
a single horse to move it. Now it ro<|uire8 all the strength of a powerful horse to start a 10-tou 
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waggon, fully loade^l unci in ordinary working order, upon a dead level; to start it on anything like 
an incline is totj much for him : hence 10 tons is the extreme limit admissible for the load. 

“ It is coniparaiivelv seldom that a waggon is loaded up to its full capacity. This arises 
from sevt ral rauw'S. Thus in the first phuv, the contents of a waggon ore often too bulky to miiko 
up thc‘ full wfught ; secmdly, the whole cpiantity of goo«U to he sent is often less than this weight ; 
a truck comes into some private >anl and is loioleil, say, with 3 tons of oustings, which are quite 
sufthoent U> constitute what is called a ‘ truck-load ’ ; it is returned to the station, and thence gi>es 
ilireet to its destination, no weigiit l>eiiig addetl, because nothing else offered having the same 
iMmsigninent ; while, thirdly, the goods traftio on a railway is seldom iMpial in the two directions ; 
hentM 5 waggons have c^mstantly to l>e sent laick emnty. Tiiere are, unfortunately, no statistics with 
respect to English railways which will enable a judgment io Ik‘ formeil of the effect of these causes, 
and so to approximate to the average* load of a waggon. For the railways of France, however, such 
htaiisiios do exist, though not in a wrfi*ct form. From an analysis of those reports for the six 
greuit railway systems of France by Krncst Marche, it has l>cea found that, roughly speaking, one 
waggon in tWe is running empty and the other tUurare loiuled to nither less than halt their carrying 
capacity. It is fiossible that English lines, on account of their much larger niineml traffic, would 
show more favoumble results ; but the difference probably would not bo great. I/>oking at these 
facts, and nrniembering that tlie extra weight and cost of a 10-ton waggon arc entirely wasted when- 
ever its IiwmJ does not exceed 8 tmis, it would seem that the latter is im>bibly the Wst figure to tako 
for pur|>oses of gimeral traffic. An exception may arise iu the ease of coal or ore waggons owneilby 
private Arms and used only for a single purpose. Thest' ore commonly l^ded at the pita to their 
full weight, and in such cases the shunting is so generally done by engine iiiateail of by horse-power 
that ilio other evil is not so imtiortant. Taking, however, an ordinary goods waggon, such ^ 
railway comtYani(*s for general purinises, the case may bo sumintHl up by saying, that even if 
built for 10 tous it will rarely have more than 8 tons to carry ^ and that when it has, its cumbrous 
Weight will be likely to cause trouble l»oth at the beginning and at the end of its journey. 

‘‘Another question which arises in designing goods waggons is, whether U is wise to nrovid^as 
for as possible, special typos <if waggons for the various classes of traffic. This proposal has often 
been mode, and it is certainly plausible at first sight. As has been pointed out, a heavy waggon 
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may receive, say at High Wycombe, a consignment of oane-bottoned chairs, to bo delivered at 
Bristol ; and though built for 10 tons, will be thus travelliDg with a load amounting only to n few 
hundred weight. Or again, the Great Western Bail way forwards daily throughout the spring 
many tnici» full of caul iSowers. grown in Cornw'ell, but destined for the London market. In iheso 
and all similar cases there is no doubt that special typos of light waggons might bo dosiguod which 
would odor great advantages for the oonveyaiice of these partieular loads. But this course is oi)eti 
to tw’o fatal objections. 

** Supi>osing the light waggon to have deposited its freight of chairs at Bristol. It has then 
to be sent back, and it is of coiurse desirable that it should not go empty. But the gocnls p^ing 
from Bristol towards London ore not of a light charaoU^r, and perhaps the only consignment ottering 
is a fK>uderous casting, or some heavy barrels of sugar. There is then only the choice botwoeii 
sending tlie waggon back light, or loading it beyond its proper Ciipacity. 

“ Whether loaded or not, the light waggon will have to travel ns one of a long train of yraggons, 
most or perhaps all of which are v)f a much heavier and stronger build than itself. In cases of 
accident, or in the ordinary events of shunting, starting, and stopjdug, the light wagg<m will bo 
much in the jx)sition of the earthenware |)ot in the fable: it will meet with so much n>ugh usage, 
will be 80 mauled and hammered by its neighbours, that its life, uiuler the must favourable 
circumstances, w^ill be of short duration. 

“These two considerations seem fully to justify the course which 1ms be<ui taken by railway 
cornjtanies, both here and on tiio Omtiuetit, in reducing as fur os [possible the number ot classes of 
waggons. Tliere must always, however, remain a considerable numl)er of varieties to provide for 
tradic to w'hieh ordinary waggons are unsuitable. The chief of these are <H»vered f<»r perishable 
goods, cattle, timber, co/d and minentl, coke, platform for heavy masses, such ns boiliTs, refrigerator 
cars for the conveyance of fresh meat, fish, fruit, and the like, and some few other classes. But 
much may be done to economize even these; thus, cattle waggons may lie usetl for coke, or at 
nuiithtr time for light bulky articles, such as wtmld generally be curried in covered waggons; 
boilers may be convoye<l on tiudH»r waggons, an*! so ft»rth. 

Having then dccidetl tljo most economical canacity for a goods waggon to be 8 tons, and that 
it should never cxcee^l 10 tons, while its f«'rm should bi‘ such as to render it as gt-nt rally us<*ful as 
possible; the next consideratum i« its tlesign in dt‘U&iI ; and for this pur|xise a waggon may lie 
divided into the following parts, beginning from below ; — 

“ Whctds and axles. Axle boxes. Springs. Underframe, axle guards, and coniK*ctious. 
Draw gi‘ar. Buffers. B*xly. 

“ Fig. 2031 is the tyjx* of wheels and axles commonly employed for onlinary freighter’s 
waggons in England. The wheels consist of a cast-iron nave or ho.«-s, with wrought-iron sisikes 
cttst into it, and bent round to form a sktdeton on w hich a steel or weldless iron tin* is shrunk 
and secured by rivets. The diaroet» r of the axle i?* 5 in. in the wheel s€5iit, and in. just inside 
the whesd, thus forming a shoulder; thence it tajiers U> -IJ in. in the ceiitri? ; while outside the 
wheel it is reduc<*d to 3.J in. for tiie jfiurnal, which is 7 in. long; and these diiiiensious do not vary 
much from thoeic in ii8<* on the chief ^y^rtero« Ixith at home and abroad. 

“ The gretit diminution in size, both at Uie joinmal and in tbo centre, is, at first sight, hard to 
account for. The axle may of course be consideretl tis a beam, loadetl at e«»cb end, in the journals, 
by the half weight of the truck, and kept in e<|uilibrium by the two upward iiressiires of tin* rails, 
f»as.^ing through the wheols. It is thus under tlie action of two e^iiial and op|K*site couples, in 
which the force is half the weight of the truck, and the arm is the uistaiice Udweeii the centre of 
the journal and tlie centre of the boss. As the effi-ct of such a couple is preciixrly thf* samt; at every 
fioint of the axle, it would s<><^m that the diameter should als<i Ije the same ever>’ where. But it 
mu«t b<,' obvious that an axle is never endangered by the rt^gular stuiical load brought U|ion it ; its 
fracture Ixdng always oecaaioned by some sutlden shock, sueh as might lie C2tus4Mi bv a stone pla^xxl 
on ono of till* rails, when the whole axle will act, for tlic niornent, as a Ix'am iix«*cf at one end and 
rcrceiving a blow* at the other. This will of course prrxluce its grenbst effecTt at the fixer] c*nd, that 
is, in tins case, closri to tlie disturbed wbriel ; from thence the effect will diminish to itn lowest 
value at the other, or undisturlx<<l wheel. This is the rtsisoii of the rt <iuceci diameUT at th<* centre, 
the strain th€‘re U-ing always less than at one or other of tJie wlntds. The dimtntilion is of course 
prop<>rtional to the moment of re^staiic<‘, and therc^forvi to the moment of inertia of the ai'ctioii ; aa 
this in a circle varie» as the fourth ]>owiT of the radius, the nitio of the diameter at the ctutire to 
that fit the wheel seat should equal or 0*81, a proportion very nraar to that found in practice. 
The utility of this diminution has U-en qu€r*jiioned ; out the als>ve reasoning srt'ms fuliv to demon- 
strate its theorc.tir*j»l s^mndness, while pmetically it eflVets a corisidcrabh? saving in weigfit and cost. 
The ssime re;i.M)ning ac counts for the well-known’ fact, that axles generally break just inside the wheel 
seat. This point is. in fact, that at w'hich the cantih vf r is lixixl, considering the axk; as such, and 
tlierefi'Krc that at which the int< nsitr of strain is greatest. It is obviously desirable to avoid anything 
wliicb may tend to weaken the iMction at this pilot. On some railways it Is the practirc to have a 
shoiiMer alioiit 4 in. dfxrp on the axle, just inside the whr^d, to prevent the latter from working 
inward;*, but the great tigbtnesH witli which whrs>hf are now fastened to tiicir axlea, to render 

this tinnoc^^ssfiry, arid, in fact, on many liric's it is duijxuiserl with altog<;tlier ; in any ooum!, the 
difference bed ween the first and the finishing cut of the lathe timxl in turning down the axle would 
seem to lx amply suflieif/rit. Anything more than this is objixdiouable, from the weli-knowo fisel 
that an abrupt change of section, in any pi<k*e subjected to impulsive strains, has a marked ietidency 
to prorliKM- frju-turo. 

“The; greatly diminished size which may lie given to the journal is also mainly due to the faet 
aViye .notjctd, namely, that it is a blow dell ven d liy one rail whicli produecs the most violent 
strain oil an axle ; anotherr cause, however, whicii no doulit (*oiue« in to assist the Jcumal^ Is the 
o|ierution of the Is^rtng spring, through which the weight is tfatismitted. When a wheel passes 
over an inequality, the weight of the truck must of course ooroe heavily down upem tlie joufnal ; 
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but the effect is taken off by the yielding of the bearing spring, and changed from a violent blow 
into a gradual pressure. This leads to the inquiry whether the idiook to the wheel seat might not 
be, to some extent, * cushioned * in a similar manner. This clearly implies the giving of a certain 
amount of elasticity to the wheel itself ; and this has apparently been accomplished in the woollen 
wheel system, now so frequently used, especially for carriages. The space between the boss and 
the lire is here filed up by a series of liard wood blocks, set endwise to the fibres, and scicured both 
at the boss and the tire by rin^s of plate iron. This system lias been in use on the London and 
Bonth-Wostern Railway for thirty years. The wood used in the first wheels was teak, which was 
saturated with oil and white-lead by a process similar bi crcjosoting, that is, by placing the blocks in 
a receiver, first exhausting the air to remove the sap, and then forcing in the oil and lead under a 
pressure of 90 lb. to the sq. iu. Some of these wlioels have lately been taken off and cut down to 
a smaller diametter; the wood being found to be perfectly sound. Tiie breaking of an axle has 
never been known to take place with these wooden wheels, a result which can only be due to the 
elasticity they possess. These wheels are lighter than ordinary iron wheels, the total difference 
being os much as 3 cwt. per pair ; and their first cost is not much greater. The tires rest directly 
on the wo<xl, so that no skeleton is rcquireil, and arc secured by some kind of clip fastening and not 
by rivets. 

“ In the sharpest possible contrast to these elastic wooden wheels, is the cliilled cast-iron wheel 
so much in vogue in America. The merits of tills wheel have often been discussed ; and its excos* 
sive rigidity would certainly seem to form a great objection to it ; though this would appear not to 
have b^n felt in IheBtates, wliere the permanent way is often of the roughest description. Possibly 
the curve which is usually given to the section between the boss and tire, iu order to allow for con- 
traction, may give to the wheel, when in use, a certain degree of elasticity. 

** before leaving the subject of wheels and axles, it should be noted that one important point to 
he ainuHl at is the prevention of the wear of the journals. The skeleton and lx>ss of a wheel, and the 
whole length of the axle, are practically subject to no wear and tear whatever ; and though tires 
wear out, tlicy can easily Ijo renewtid. Thus the life of a pair of wheels would be indefinite were 
it not that the journals wear down, and the heels arc then useless. An obvious remedy is to 
*bush * them with brass or white metal ; but as obvioms au objection is, that the arm at which the 
iHiaring friction acts would thereby Ijc increased. Another device would be t<» make the journals 
in st'jMirate pieces and screw them into the ends of the axles ; but there might then be fear of their 
working loose. This point is one which would seem worthy of attention, 

** The next part of the waggon to be con«idert*<i is the axle boxes, involving the important 
question, whether oil or grease should lie preferrtnl as a lubricant. At present oil is univers^ll 
in hot ciiniaU*is is general in Germany ana in the United States, and is largely used in England 
by railway companies; but grease is almost the only lubricant list'd for private waggons. The 
advantages of tin- latter arc its chiapness and facility of application. The nal ground of its use is 
prnlmbly the much greater C4>sit t»f an oil axle-lx>x. The advantages claimt'd for the oil axle-bix 
would seem to outweigh this difference in prime cost These are ; — The quantity of the lubricant 
usotl is 80 much smaller that it nootls to l>e renewed very seldom. Should the supply run short, 
the Im>x heats, not suddenly, like a grease Im»x, but gradually, taking tw^o or three days to arrive 
at a dangerous tiunperature; this of course increases the chance t>f its being diseovercnl in time. 
There seemts to lie no douht that the friction resistance is decidedly smaller with oil than with 
groa«e, a jioint of vital iin|M>rtane<\ The general result of a series of ex|ierituents on the I^ndoii 
and Hit li- Western Kailway was, that with oil the resistance to tniction of a waggon in motion was 
only 3 Ih. a ton, whiLst with grease it w‘us about 9 lb. ; on the other hand, the resistance of a 
waggon at rest to In ing Htnrt«‘d was somew hat greater w ith oil than with grease, but the difierence 
was not large, 15 lb, and 13 lb. a ton resjiectiveiy. 

“ With n>gard to axle guards, the universal, probably admits of no improvement. 

The thickness of the iron, j in., is also fixeii by general consent. The width, however, is generally 
cxce.ssivo; on many railways Hi in. being still the minimiuu. It is Ixlicvcd that, where the iron is, 
as it ought to be, first-rate, a width of 2 j in. is ample, even for the crownis, and that for the wings 
2} ill. is suflScient. It must lie reiuembercHl that both the pulling and the bufiiug strains arc trails- 
initUnl through the brsly of tlie waggon ; cons€»<iucntly the stress tlirown on the guards by sudden 
stopping or starting is only that tluo to the momentum of the wheels ami axle, weighing together 
ablaut H cwt. This can never be very great; ami, even with the moderate width usc^ by some 
railways, the fraetun^ of an axle gnartl is almost unkiiowrn. 

** The spring adopted by the liighland Kail way Coiujiany is flat and long, like a carriage spring, 
consisting of titno plates 3} in. by } in. ; the up|>ennost 3 ft 6 in. in length. On other lines the 
plates have a decidcMi cainlier ; tludr width varying from 4 in. on the Coledonian to 3 in. on the 
Great Western, and whilst in the former case they are ten in number, each § in. thick, in the 
latter there are two plates J in., and fourteen plates iV in. A much lighter spring is that used 
on the Cambrian railway, which consists of ten plates 3 iu. by J in., and one plate 3 in. b}' J in. 
Probably a simpler form even than this would suffice. In a waggon grotit flexibility is not neoes- 
sary ; and strength is best consulted by making the plates few and thick ; since in a laminated 
botfy the several parts act almost inilopciideutly, and the sum of their strength gives the real 
strength of the whole. Hence, as the strengUi of a beam varies as the square of its depth, six 
plates 4 in. thick will more than actual ten plates of { in. thick ; and it would seem that a spring 
consisting of only seven plates 8 in. by \ in. would have sufiicient stnmgth, and probably also 
sufficient olastioity. Buoli springs would not weigh above 2 cwt. 2 qrs. a set, iu oompaxison with 
4 owt. 2qrs. 20 lb., the weight of the Great Westom springs. 

“ In Fig. 2082 is shown the plan of an ordinary oak underframe for an 8-ton wag^n. The 
diagonals should always incline from the centre towards the buffers, and not, as sometimes seen, 
from the ends of the middle bearers towards the draw-liar. In the latter case they give no 
assistance against the pull of the draw-gear, because they cannot act as ties; iu Uie former 
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they are able to assume their proper function as struts, and thus help to support the * buffing * 
strains. This difhcnlty as to ties constitutes, in fact, the chief disadvantage in wooden structures. 
In an underfram© it compels tljo use of wrought-iron tie-rods both along and across the frame. 
Looking at this, an underfram© of combined wood and iron would seem desirable, in which angle or 
X irons should net l>otli as 8up|K>rts and ties; but such combinations are rarely successful. Carrying 
the same idea still farther, many engineers have built iinderframes wholly of iron, but the advantage 
of this is more tlian doubtful. For on comparing the pro|>ertic8 of American oak and wrought iran, 
as given in Rankine’s * Rules and Tables/ it will l>© found tlmt the following is approximately true ; — 
a bar of inm in comparison with an exactly similar bar of oak has live times the strength to resist 
tearing, six times the strength to n sist crushing, and four times tlie strength to resist cross-breaking ; 
but, oh the other hand, it has ten times the weight and twelve times the value. Hence to have, say, 
a sole-bar in iron of the same strength os one in oak, one-sixth the scantling must be given ; but in 
that case it would weigh G6 per cent., and cost 100 pi^r cent, more tlian its rival. This result is 
completely iKMme out in practice. The weight of the oak underfram© shown is al>out J2cwt., 
including tie-rtnls. But an iron underframe of the same general character and size, if made with 
the usual dimensions, would weigh about 10 owl. Against this there seems only one point to 
urge ill favour of iron, and that is its grcMit durability. But this may easily lx* bought too dear. 
In the Orst place, waggons get out of date. But a|>ai t from this, the ordinary life of a waggon is 
so hazardous, exposcil to so many natural and unnatural shocks, that its average duration is much 
below what would be due to the ordinary processes of decay. On this {xiint, us might be cxjM?o.ted, 
opinions ilifTcr much, and statistics are banl to obtain. The engineer of one iin}K>rtant railway 
states that the number of waggons destroyo<1 by accident is so small as not to be worth considt*ra- 
tion. The engineer of anoUier line, csqually important, says, that on an average waggons will 
not run above twelve years bt^fore coming to a vitdent end. Prolmbly the truth lies between the 
two. At any rate, there sterns good reason to ctmclude that dumbflity is by no means llie mf»st 
important point in designing such a structure as a railway waggon ; and, in fact, so fully has this 
bc,*en realized by some leading authorities, that on the vast system of the Midland Railway, for 
example, iron iinderframes are c»>inpletoly unknown. 

Another point rtinains for eon.'^iileration, namely, the scantling to bo given to the headstocks, 
sole-bars, and middle-bearers. In the waggon shown ihes<> are all 12 in. hy 5 in., and this is the 
scantling tixt*d by most of the leading ntilway com(>ani4 s for private waggons ; but at the samo 
time dimensions iiiueh below these are known. These dimensions may !>»■ iiece.s»ary for the side- 
bars and headstooks, as it is these which have to bear the chief strains, but for the inid4lle-lx*an‘rs 
they would st^em exc< ssir«*. The nastm for strengthening these is, no <lonbt, the fact that with 
ordinary draw-gear, tin? whole strain of tracthm is brought ii|»oii them : but with contitiu<»iis draw- 
gear thi.« is not the case, and then these* middle-bearers, especially if the bottom planks nin acr<»»*s, 
not ahtngthe frame, have hut little to do. In any case, thenuidid wntrgon may 1 h* assumed to liave 
sole-l>ar8 and liead.*»tocks of 11 in. hy 4^ in. scantling, and middle-lKnrcrs and diagoimis of 11 in. 
by 3 in. 

The draw-gear, I'i::. 2034, employed for waggons consists of a hook at each end of the truck, 
with a shackle and chain attachi^ii to it. I'liis hoifk is wehb d on to the end of a bar, in. round 
in general, which through Uic InadatiK'k and genendly also through the middle^ bearer, and 

is made U*}ir against the latter by cuean.'^ of a nut and induu'iiidx'r wnslicrs. An improvement 
on this is the coiitinu.»iis draw-gear, which consists in uniting together the inner ends of the two 
draw-hars, so that they form one system, and the fraction is r>btatn(d by the draw-book in rear 
the truck bearing against its lieadstock. It is cbmr that in the- first case the IxMly of the truck forms 
itix lf a link in the chain of traction, and the whole resistance of the liiudtT jxirt of the train is trans- 
III tt(^l through it as n ten.ule strain. In the crintirniuiis system, on th<^ othf'r hand, the draw-lxirs 
form the chain, indcfienflently of the waggons, and the whole strain on any one of the latt«*r is that 
due to its own resistance to traction cimveyed in the form of pre ssure which it in Is'st adnptixl to 
it'sist. The disadvantage of the continuous system is its gr€*at wtight and ex|iens^*. The brwvy 
draw-ljars, extending the whole length of the truck, do not n<ld its str< ngtli in the slightest 
degrts*, and the cradle, or interme<iiat© piece which c(tnne<sts the draw-bars tog4*lbcr is always 
cumlM rjrme and cri#»tl>. In view of thin, a system of continuous draw-gear. Fig. 2034, has been 
dc»igm*<i. The indiartihbers are there craitatiM d in a wrought-iron rase Axed ii|x>n the oiitdd© of 
the headstnek ; and tlie strain is transrrdtb d ilirraigh four 
;-in, roijy, which at the same time act as the longitudinal 
ties of the underframe. I'he draw-lnxik terminates in a 
short shank, which fMiscK s ihrcmgh the hcadstock ir> get 
an inside brraring. The advHiitagcs aiincxl at are — A 
saving in weight and cost, since the ordinary tie-rrxls are 
dispejise<l with- The avoidance of a weld in the drawdmr, 
hence the risk which always attends a webifnl piixx? is 
fibm^iit. 7*be indianiblxTs are outside the truck, and more 

c?a.«4i]y accessible when roouinxl. The strain is l 

thrr>ugh four rcxls of one; and slamld on© of thcne hap|xm to l>e of inferior quality and give 

way. the other thrrxj would prol>ably hold, at any rate till the waggon raaeUed mmm place whore 
the failure would be olxjerved. 

** Before leaving the aubjwt f>f draw-bars, a word may l>o raid upon safedy ehains, Theae^ which 
werf‘ once in general use, have l>eeii mostly almndonetl, for it has lieen found that If a draw-bar 
breaks, the safety chains nlm inevitably brank under the shriek brought on them bv the siqmmtiDg 
train. This, in fact, has so often been tbe caiie that tlieir discontinuance is not tol^e wondered at ; 
iiidee<b in m»>rft tJ.an one instance they have <lone actual harm by one Uiem holding while tba 
other gave way, and thus getting the wa^on across tlie line. 

1 here would w:em to l>e a growing ioctinaiion to alwndon upriag buffen*, at least in tniustal 
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waggons ; and this tendonoy, once begun, is likely to increase, since a waggon with spring-buffers 
placed in a train of others having * dead * buners only, is sure to fare badly. The Midland 
Railway, however, and also the Great Western now build their waggons with a buffer system similar 
to that used for carriages. I’he buffer hc^ds are attached to long rods, which bear against the two 
ends of a largo laminated spring laid Jjorizontally across the und<"rfmmo outside the middle-bearer. 
The draw-bar is widened out, and a slot made in it, through which this spring passes, so that it 
acts against the traction as well as against the buffing strains. 

“The outside dimensions of the body are, in general, left to the judgment of the builder. 
The Taft Vale Railway, however, specify that the capacity shall be between 240 and 245 cubic ft.. 



and that the wht«l base shall not lx* more than 5 ft. 6 in. This necesfeitates an exceedingly sliort 
atiii <h*ep waggon. On(»th<*r linos the wheel Kise is generally sperified to be alxmt S feetl and the 
length, esiK-cially in the North of England, is at least ft., and often H ft. or upwards. Tlio 
Tuff Vale tyjK*. though |KThaps exagg<*mt<*<i, rejireseiits much more nearly what shoiiM bo aiim-^l 
at ; the advantages of short waggons I cing manirold. In the first place, they i fft*ct a considerable 
wiving in weight and cr».st. 'I’hc sheeting is of course nearly the same in any case, if the cubic 
contents are the ainie; but the sole bars, side rails, and diagonals are shortened, and so arc the 
dmw-lArs, capping ir«>!is, and longitudinal tie-rfxls. Secondly, short trucks aie Jjuiulier in thoni- 
sfdvea, and re^uirt* smaller turntubh‘8. Thirdly, they make up into shorter and handier trains. 
This last is an a<lvautag(* of great irojxirtatico 

wlien the eiiomioiis length of go<HlB trains at the 2036. 

pres(*nt day is considered, and also that siieh a 
train bus usually to move its whole length twice, 
first jwist the |suiitsaud then over them, in onler 
to get into a siding. Fiuirthly, a short truck 
cannot fail, as a long truck often does, by tlie 
h(»gging of the sole-bars, Hupisajing a solc-lwir 
to be uniformly loadc'd, and supiKtrti-il on axles 
8 ft. af>art, it should not overhang more than 
2 ft. 10 in. at each end if the strain over ttie 
lH>arings is not to bo greater than that at the 
centre ; hut considering the weight of the head- 
stiH’k, buffers, sheeting, Ac., which are plucetl at 
tliO extrtiiie end of the wde-lmr, it would whuu 
that 2 ft. H in. is a inoit^ fitting limit. This 
Wiaild give a length of 12 ft. G it). ; and this, 
with a width of aliout 7 ft. G in. and a depth of 
alxnit 2 fl. U in., will frirtii the im»st suitable 
laxly for an 8-ton waggon. If tlicro an* no end 
floors, the two <*iid planks inav lx* curved with u 
rise uf 5 in., and tlien the ilepth of the sides 
need not cxfX'ed 2 ft. G in. 

“ The ihiektuxss of tlu^ planking ha.s also to Ix) 
considered. In gtmeml that of the liottoin is 
24 ill., and tliai of the sidi^s cither 2^ in. or H in. 

Idm top edge is prDtc*eUHl by a capping iron or fiat bar; but this bar being simply screwed down to 
the ton plank, dixM not add to the strength of the waggon in any way. It would, therefore, appear 
fiutsible to trunsfonii this into a light angle iwn, say 2 in. by" 2 in. by J in., which should he let 
into Uie top plank Ihroiighoiit its length, and bolted at each end to the corner fdates, and also to 
the inside knees wherever they occur. There would thu.s lx* fornnHl a sort of light wn>ught-inm 
frame for the Ixxly, which would materially strengthen it, and the thickness of planking might 
then bo reduced to 2 in., or oven less.'* 

3 u 
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Fig. 2030 is a siile elevatiou. Fig. 2031 an end elevation, and Fig. 2032 a plan of an ordinary 
8-ton coal waggon, as built by the Bridgewater Engineering Company, to run on the lines of the 
Great Western Hailway Company. TJio unflerfmme of this waggon is entirely of imk, tlie wle-bars, 
headstocks, and iniddlo-lK*arors being nil 12 in. by 5 in., and tlie diagonals 11 in. by 3 in. The 
wheels. Fig. 2033, are 3 ft. in diameter, with eight pairs of wrought-iron spokes, and weldloss iron 
or Bessemer steel tires, 5 in. by 2 in., Becurt3d to the skeleton by rivets. The axles aro 5 in. 
diameter within the boss, and 4J in. diameter at the centre, the journals being 7 in. by 3^ in. The 
hearing springs ure 3 ft. 3 in. long by 3 in. wide, and consist of twelve plates each f in. thick, and 
one plate in. thick. Its tare weight is about 4 tons 7 ewt. 

Fig. 2035 is a side elevation, and Fig. 2036 an end elevation of a 10-ton good.s waggon, with 
one end and side doors, constructed by the above company ; the plan of the underframing and 
the general construction being similar to that of the 8-ton waggon above described. 

In Figs. 2037 to 2039 is show’n an iron coal w’aggon constructed by the Soci^te Ge'neral 
d* Exploitation de Chemins de For, Tubize, Belgium ; Fig. 2037 is a side elevation. Fig. 2038, a 




lialf end elevation and half cross »e<'tion, and Fig. 2031^ is a half fdan of waggon and lialf plan of 
iimlerframing. This waggon is fitt*.*d with side do'>rs; anti is coustructcMl wholly of irtm, with the 
exc, ptio 1 nf the which is of wood. 

Its principal dimensioDH arc*; — 


fi. In 

Depth of underfrarnc 0 9^ 

W’idth „ „ 

„ of channel irr»ns forming 

UTiderframc* 0 

Width of centre channel iron 0 3 

Diagonals IJ in. by jj in. 

Mitldle bearers ,. *jtf in. by ? in. 
Distance Is'tw'een centres of hutfers a 

Diainctcjr of hitlh^rs 1 21 

Height of cerntre of hfidV.rs al>ove 

mils 3 6 

DiT^tance bctw'<K*ii centres of safety 

chains 3 6 

I.»ength of ls>dy 18 OJ 


Whith of Ixxly 

ff. 

8 

In. 

Height ol IxKly inside at centre .. 

3 

M 

„ ,, sitles . « 

2 


lliickness of hottoin plankings . . 

0 

2 

Width of doors 

4 

11 

1 hameter of wheels — alrout . , 

3 


H idth of tirifs 

0 

H 

Distance ladweon oenires of wheels 

9 

j«l 

„ n n journals 

6 


Length t»f journals 

0 

cj 

Diameter of journals 

0 

H 

„ at laick of joiinn*ls 

0 

4| 

„ of whc«el s«mt 

0 

H 

„ at back of w luHd m at . . 

0 

fit 


An improved construction of hopp<*r, coal, or mineral waggon, by 11. MorUm, of Newton 
Manchesur, is shown in Figs. 2010 tti 2012; Fig. 2010 is |iarily a side elevatitm and partly a 
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longitudinal section, Fig, 2041 partly a cross section and partly an end elevation, and Fig. 2042 
a plan of waggon and framing. The object of this invention is to enable the bottom doors of 
hopper, coal, and other railway waggons, to be opened or closed simultaneously, without the 
attendant having to go beneath the waggon, or from one side to the other, as hitherto practised; 
and the means by which this is accomplished will bo readily understootl from the drawings and the 
following description, A is the body portion of the waggon, and B the hopper, at the bottom of 


2oas. 



2041 . 



whh'h and opc^ning downwards are the double dr^ors C, hinged to the sole-bar C' in the ordinary 
manner, and l»oth cloning against ihe one coininoii central or longitudinal bar C". These doors 
have iuipiirted U> th<‘m, by means of the chains D, a constant tendency to close ; the cliains D being 
connected to their hingos and passing over the rollers r and j)ulleys j\ and having counter- 

balance weights attached to their exiroiuities. A shaft K is mounted transversely across the 



under sitlo of the waggon, and to each eud of this shaft is keyed an actuating lever F, so as to 
enaido such shaft to Ih> workwl from either sidv of the liin^ of railx. On the shaft E is an 
arm (», which is coriiiecU*d by u link II to a forked lever I mountcil on a bolt J pos^sing through the 
underneath longitudinal In^r K. Tht* short arms T of the lever I are designed to hoM both the 
dtKirs C in the closed pimition, as will be seen by references to Fig. 2041. In order to fasten the 
doors C in eith<T the closed or open position, a suitable drop catch L is applk^ on either side of 
the waggon, such catches being secured at opposite extremities of a shaft M passing through the 
fniinework from on© side of the waggon to the other, these catches being each provided with a 
slot to catch on to on© or tlie other of tlu* tw»o shorter arms F' of the actuating lever F, according 
as to whetluT it is desired to retain the driors C in the open or rlose<l j:>osition. 

Assuming that the doors C are rlose<l, as shown in the drawings, and it is desin d to open them, 
all that is requisite is for the attendant to lift the drop catch L by means of its handle L\ and 
then to pull the aotnating lever F on one aide, until the drop catch falls on to the other shorter 
arm F* of the actuating lever F, when the doors C will iinmcaiatelv open by reason of tlm weight 
of the materials lying ujion tin in, and thus the contents of the waggon will 1)© discharged. In 
order t<^ S€»our© the doors C remaining o(>en ineanw^hilc, and to counteract the closing h-ndency 
impart€»d by the weights W, a length of chain N, is ottachcHl to each of the doors, the said chain 
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being provided with a ring O capable of being hooked on to a hook U, Heeurod to the framework 
of the waggon. Tlie wiiggtni having boon thus emptied, the ring O is removed from its hook, 
when the balance weights W will be free to close the doors, and tiio same may be locked in the 
closed position l)y once inoio releasing the drt>p catch L, and allowing it to grip the other shorter 
arm F' of the actuating lever F. And all of these m<»vements can l»e rognlated from either sitlo 
of the waggon, without the attendant having to pass either under the waggon or from one sidt» to 
the other, wliereby the safety of tho attendant when discharging tliese trucks is greatly iuentised. 



A nuidifiiration of this invention, to enable the lK>tt4.>m dwirs of railway waggons tt» lie opcncsl 
Bitil closed simulUiue^?u.-!y from either side of tlie waggon, r<aisists in the shall K lieing pnivided 
with u jMiir of uniis, one for each d<»or, the extremities of which arin^ are designed to move nioiig 
the outstdr of the liottimi dtK^rs, ami tiius not only to mist* ai»tl cIojm* the same, but to hold them itt 
the ebts^-nl |>oeitii>n, this tmiiliiicatioii lieing however only appltt*abie to waggons with small dmirs, 
and which are suflicieiitly light in weight to lie tiru-d by one man. 

In Fig. 2(143 i* si»own a Itmgitudinal section of another c/>nstructioii of coal or tnin(*rul waggon, 
by Simon Leach, of Choi ley, l.£incuster, which may lie u.sed c'ither hs an ordinary vertical-sided 
waggon with a currying cajiacity ol 10 tons, or as an 8*tou hoppt;r waggon. 


21 * 43 . 



lift wagg<^»n i-t r!rm»tructe<l with fix«*d vertical sides A in the usual manm r, the undiTfrume 
provided with four crtiss ts^^ireriK It. The up|»ttr ami lower parts oidy of the ends V are 
fixtiire.s, the central jsirt of each «-nd ls*ing form«‘d int^* a bingtsl Hap i)'. The i*<mtrai fsirtioii K of 
the Ixittorn, ls*tw» en the two central cross ls*i»rers 11, is mrtfh* with either one or tWi» tloors to otieti 
downwards for discharging the fymb nts, as in the oniiimry hopfsrr waggon. The end piirtions are 
e^ii made of two piec<*« I* jcn l (#, )iirige<l togetlojr, tl»e iiiot'r puice F of («ich Isidtig alsr»htngc«i U> ono 
of the mm*r cross liciirers B, flmt it can Is* IirU'<l up so as to form a |sirtiori of the shiping tmd of 
the h*>p|>fjr, as shown at the right hand of the nguit% the rither pic<?e Cl, hing^sl (herebi, icirtiiing, 

k<ii»-p it in this issHition, a Insik and staple, or Ijolt, Udiig pn>- 
yidm U» hold it finidy. Ihe cont uuation of the slojst to the emJ of the waggfiu is made by 
the is.rtiMii C of the end, winch is hmg.d at its iipysfr side to the vertical end and is m 
firnnigf,*.| tlmt, when raisisrt, it rest on the hingfs] pbsv foriiiiiig the stmt or stiptsiri, and it 
will th< n lorm, with the pnee I*, a conttoiious slr»|sr the U^ttoin t#> U«c upptrr liUrt of tho Ofid 
of the WHgg.m, so as to assume the- form of a hopmrr waggon. 


When the wiigg*,n is to Is? uis*d as an ordinary ended wugg»>n, the end flatMi C' 

alloweyl b* hang down vertiadly, mid, the hcK.k Innng n moved fnun the staple, the hinm^ Daft 
and of tho lx»ttom fidl ilowti Hat and level with Urn miitrat drsifs K; the onds aST t 


aru 
parts F 
Umi 
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vertical, as shown at the left hand of the figure, and the bottom is horizontal and level from end 
to t*nd. 

A covered goods waggon. Figs. 2044 to 204G, of a very useful typo, is one which, with slight 
modifications, is very Targcdy in use on continental lines. Tliis waggon was constructed by 
tlio Railway Rolling Stock C3onbtruction Company, Rreslau, and is intended to carry a load of 



10 tons, tlio wt'ight of the waggon wh<n empty being G tons S cwt., equal to a Imd of 1 
11 ‘‘Jo cwt. a ton of dead weight, or a dea«l weight of 12*8 cwt. a toi\. Fig. 2014 is a lialf side 
elevation and half longitndimil sci'tion ; Fig. 201.1 a half end elevation and half cross swtion ; 
and Fig. 20 IG a tiuarter jdan of nxif, a quartc*r plan of tb»oriiig, and a half plan of framing. 

The princijml dimensions are; — 


Length ontbido 
„ insiilo 
„ over hwi 
AVidth outside 
„ inside 


hides 


AVi,lth 

Height of centres <d'huflic rs above mils 


ft. 

tn. ! 



ft. 

In. 

2:i 

7i 1 

Distance bidwce 

>11 centres of sole 



2:5 

•U ! 

plates .. 



G 

•"'V 

27 

2} 

Diameter of wla-cls 

a 


8 


AVht'el base 



13 

H 

8 


Solo plah^H 

0* in. bv in. 



7 

4 

Headsbx'ks 

0} in. bv a? in. 



G 

11 

I^ingitudinals 

nn<r tran.sverso 



<; 

GJ 

bearers . . 

in. by 21 in. 



4 

11 

Diagonals . . 

. 2 ill. by 2 in. 



a 
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Ill Fig8. 2047 to 2050 is an impwved railway waggon, with a movablo platform, to facilitate the 
loading and unloading of loaded vehicles, by Henri Kntz, Francti. Fig. 2047 is one of those pla^ 
form waggons in eh^vation, closed on the left side, and open in vertical si'Ction tiirough the longi- 
tudinal axis on the right. Fig. 2048 is a cross section, tlio waggon being oi>en. Fig. 2040 a plan 
of different ports of the w'aggon ; A is a plan of the frame of Ihe turntable, the waggon being 

2046. 



oi>en ; B a plan ^ho^ving the waggon clo8t‘<l ; a pl.m of the uuderfr.une ; and 1) a plan with the 
turntalde n-njovid ; utkI Fig. 2<»r>0 is a eniss secthm of the waggon closed. In Fig. 2047 the 
waggon is huideil with an army stores road-carriage, and in Fig. 2048 it is discharging the 
same. 

It will l»e seen from the drawinsrs that the usual womlwork is umiltered* the planks <t alone being 
cut for access to the platform, wlncli turns at the centre upon an axis The |iliitfc»riii ;» is of wood, 
it> flofjr In ing levt l witli that of the waggon ; it is inoiinto«l on a sjarial frame, furnished with a 
circular iron hoop < . wh:ch turns upni a line of rolleis </, w hi«*h arc siipisirt<*d by tin* waggon fraiiu*. 
As the diameter this platform is superior to the hreadth of the waggon, the tornier is ent on four 
Bides, the said Mdes bi ing, twt» and two, paraile] and at right angles to each other. Twro of iliest* 
Bides are furnished with wfxxjen pieces f\ whose diiiit'iisions are sntranent to till up the spaces made 
in each of the side planks, and these j>ieer.s / form the continualion of tin* suitl side planks wlien 
the waggon is ch-sed. Tlic other two sides, at right angles to the tir^t, li*ave a space in the mi«ldh» 
of the ticK^r. whieh is tilled up hy plates »»f sheet inm tixed hy hinges either b> the rto€)r of the 
waggon or to that of the platform. 'I'lieae latter side.s are also furni.^hed with holes and irons », for 



lifxiking on the ladders^or other eqnivulents, for running the load* d vohicleiioii and off the wagg*m. 
In the teide.sof tio- platfonn are hook« i, in which the ends **f the rollers </, which guide the drawing 
ro|s- are placed ; this rope is coil. fl or let out hy tuimuH of a drum h] which is placed either fill 
the right or loft f»f the wagg»>ii, as the cstm' may rt’r|iiir*‘. stiid is su|'f|>f>rt 4 Hl t»y ihft ho<»ks /, which aro 
Udteil l» neath the Usly f*f the wuggfm. As shown in Fig. 2018, the drum A didivera the rope A, or 
vjiikU It. uccorilinK aa Hio vehicle in la-ing haifh .1 ..r ttiil.«ilc,<|, nud fiiatcuiiic to tlic (Sirrinffo 

tlii« rowi H ov.-r oue of the roller* The ilriiiit h i* Inhuaed to lie hy menn* ofi. 

ruchet lever, n* eeing the iw«t mniiilo arrungeineiit ; hut »ny other form of windlAw inny be 
« mph»y*'fl if preferred. ^ 
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The waggon is opened to receive or discharge the loaded vehicle by giving a quarter turn to the 
platform, and it is closed by giving a further quarter turn, or by returning it to its former 
position ; which latter movement brings the vehicle into a position ^mrallel with the line. The 
advaottiges claimed for this waggon are as follows. By its use the time and labour expended in 
loading or unloading railway waggons with road carriages are greatly reduced, as the loading or 



unloading can In* carri«Ml on at any part of the line, without its being ntM?c»sary to hliift the waggrm 
hi a part of tin* lino in the inanncr now adopted : also, as each waggon contains a turntable 

in itself, the hiUiur <»f turning the waggon liodily, a«i i» imw so often nccesbary, will lx* altogoiher 
saved. A w'coial advantage is. tliat in industrial works and factories, when this system is adopted, 
the Waggons can Ik* looiled with mercliandise, by the ahl of a windlass, in the manner Fig. ‘J04S, 
without the nece8.**jly of providing quays or pLitform.s for the pur|K»se ; and hy tliesi* means 





till' gTHsls can 1)0 convi'ViHl direct to their destination witl.out unloading, thus saving time and 
preventing damage. Again, when it is necessary to conv«*y the st4>rt*.s, baggage, proMsions, or guns, 
of an army by mil, the same eau be very quickly rt'iuoved from or placed on the waggons, either at 
a station or at any other part of the line; the whole tniiu of waggons Indug loadi^l or unloaded 
siinulUineotisly, tfien> Indug no mnsossity to bring them alongside any quay or platform. 

One great item of loss exjHTiciUH'd hy railw*uy companies, in eonnection with the ginxls traffic, 
arises from the damage whieli is siiaittineil hy waggon sheets under the general inethiHlof employing 
them, and the const»qnoi)t loss which arisi^s under tlie head of com|H?n>ntion for damaged pnals, the 
loiw under these two heads amoniiting to a^'verid thousaml [xuiiuls a year to each of our princi{>al 
riiilw'ay oom|)anies. It is, tliereforo, eertain that any simple and efficient apparatus, which is 
Cflj^ahle of riHlucing the wt'ar anti tear of waggon shivts to a luinimum, while at the same time 
tmcctuully {irevtuiiing the damage of the goods hy wet or other causes, is sure to be wekvancil hy 
the muiiagi’rs of railway gYssls dtqiartinenU, and to itvicive a fair trial. 

The priiu'iiad cause of the undue wear and tear of waggon sluHsts consists in the manner of their 
t'luploymoni. With the ortliuary flat waggrm it is usual to stndeh the cover tightly acrtiss from sidt' 
to side, utitl from cud to cud, the principal tying ladiig done at the corners; and, therefore, unless 
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tlie gooda in tho waggon are of such a form that they give support to the shoot, tho latter sag s 
towards the centre from every direction, and in wet weather forms n water tank if the shoot be > 
or simply directs tho water on to the goods if the cloth bo bad ; while, if tho sheet bts good, it is 
soon destroyed by the strain at tho corners due totlie weiglit of the water, or even of the sheet itself. 
Sheets are'also frequently damagoil ill the central fparts by their sagging down on to gfXMis of a 
it)ugh character, and are often torn in pulling tliem over the corners, or off one side of the truck for 
unloading. Princi^xilly to secure a means of supjiort for tho sheets many waggons are made with 
gable ends, a poU‘ being placed from gable to gable over tlie goods. The waggons, however, in this 
way are made more cx]»eiisive, while the polo is very often not use<l. 

Walker’s waggon sheet protector. Figs. 2051 to 2055, is one of the most simple and ofllcient 
that could be devited. A waggon fitted with this ap^iaralus. Fig. 2051, has ono half covered 
with the sheet ; Fig. 2052 shows an end elevation of the waggon covered ; Fig. 2053, tho waggon 


2051. 



wdth the supports lowered and the chain fducetl in the box K provided for that purp#^ ; and 
Figs, 2054 and 2055 bho%v the supports and chain to an enlarg«‘<l scale. The supiM^rt jg. 2054, 
eon.-^ist.-* ^iinjdy f*f a bar of flat iron, l>ent roiiml int#> a flat link, the upis^r end cairry ing a pin, t<i which 
the chain A is fastened by one of the long links «p<»ii which the wood balls H are thn ndinl. This 
supfMirt is held loosely in the staple pieces D, fixt'tl by me^iiis of a Udt which laisses through it and the 
^U)»|K»rt ; a Hcond Ixdt, fitted w ith a hand nut, being plaecil below the staple; and by im ans t»f Uits 
boll tlic siipjxirt is fastened at any desired vertical height. To streWh the chain across tlie waggon. 


2052. 



2M3. 



the supfwirt to which the chain is jUTinan* iitly fastef»('<l is flxitl bv the hand screw; the citaiii U 
tlien f airic*<l ucn>ss to the other €*Tid of the waggon and hfsike<l to the oJher siiptifirt while the latter 
In hy'he, and capabh- of canting inwards, as indicated hy the doth'd pr^iion at the iJiioovcr*i^l end €>f 
Kil'. 2051. As st'f'ti as the chain is ho«>k<s1 on, the hand M'r< w is tightened up, atid the chain thus 
strete),r;4l tight ^fhe sheet may tin n thrown n-vt r and fastetKMl. 'riie fastening thica ncii n.'quira 
to he .o tight ns is nsiial, ns thcru^ is no opfs»rtttnity for the cloth to sag, and as it may isinvd to a 
f'hght extent, and without injury, hy rolling owr the wisalen lirdls B. 

ATatln r simple api^aratiis of the same 4|eH*rtpt:on is Ward's, Figs. 205fl and 2057 ; Fig. 2050 
D, and F;g. 2057 an end elevation, of an ordinary gix»da waggon Olted wtili thU 
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apparatus, ami its constniotion and mode of action will be readily understocMl from the following 
description. This apparatus consists of a novel arrangement of bows for the purpose of forming a 
tilt, upon which tho waggon sheet may rest in a sloping position, the said bows l>eing so constructed 
as to fold back, over or heyond the ends of the* respljctive trucks, when not required for the purpose 
described. Tlie radial arms A of the Ijows are hinged or pivoted at the side of the >\aggon, 
as shown at 13, the said arms being 
ellK)wed at U. When these bows are 

rtHjuired to support tho waggon sheet, ^ ^ 

tin y are plactd in position across the (i]”;]) ;v*, ^ a 

waggon, as shown at A', Figs. 2050, ^ p-J ' 

2057 ; but when tho sheet lias b(‘cn re- | 

iiiov(ul, and tho whole clearway of tho j 

waggon top is required for loading or | 

either purposes, the said bows, being froa 1 

to revolve ujiou the pivots or axes at D, l 

Fig 2050, are turned upon the pivots 

towards tlie end of tho waggon until • ^ ^ '*’27” 

they full heyond it, as at C, the hows I 

being supported in either position by the 
h(X)ks K. 

American lioUinj Stock. — Tho rolling , 
stock employed on tho lines of the Unitotl I 
States diiiers ccmsidcrably, in many im* i 
lK>rtant points, from that of Knglish and (IJ/ L; 

of ciMitiiiental litics. In the first place 

rigi<l wheels atnl axles are scnrerly ever employed, the vehicles, wliethcr for passengers or gootls, 
being carriotl on four or hix-wbielc<l btigie trucks; the latter being 8|)ecially employed for heavy 


slee[ting and drawing-nwun, or os they 
arc called in the States, parlour, cars ; 
and it is generally con<x«le<l that tho 
ears ami waggons so mounted are 
steadier and smoother in tlieir running 
than tlnise otherwise mountcxl ; and 
this opinion is grtiDitig in Kngland, as 
bogie carriages ha%'e during the lust 
few years hirgidy increased in mimlxT. 
A second great difference is in tho 
internal arrangeiiients of the passenger 
cars ; all of these, whether <iay or 
hleeptiig curs, being arranged with a 
ciuitral longitudinal |»asaage, which 
by nu$ans of the end platforiiiH, tho 
oars being always close eoupUnl, affords 
a means of cominuiiication and <'ircu- 
latioii throughout the whole length of 
tho iruiu. This, though obviously 



2055. 



2056. 



]>otaissiiig many advantages, is, however, au arrangement which is not likely to meet with general 
favour in Europe, as it would ilo away with all that stnui-privacy which has hitherto been enjoyed 
when travelling, and which by a majority is preferred, ovou to, the slightly more public saloon 
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earriave. A great disadvantage poBSCSsed by ibis central passage arrangement is, that the only 
doors being at the ends, and the only ine^ins of egress being by these doors rind the end platforms, 
a passenger on arriving at his destination may have to traverse half the length of the carriage 
before being able to alight. Another great difference is in the size of the carriers, the American 
passenger cars being all considerably longer and higher, a passenger car seating from fifty to sixty 
passengers ; and the goods waggons being also 
mucli larger ; tlie proportion of dead weight to 
Inlying load being much higher in lioth cases than 
in England. Great advances have, however, liceii 
made in this respcMst during the last few years in 
the matter of goods waggons, as shown in the 
re|K)rt lately issued by the Western Weighing 
Association. From this report it ap^iears that 
during six w*eeks lusarly 50,000 cars wore weighed, 
and while the average of the different cla-sses of 
freight ranged from 211,750 lb. for mnehinerj’ to 
20,025 Ib. for ore, the maxiinutii in nearly all 
cases exceeded 510,000 lb , and for some classes 
of freight reached, respt'otively, as high as 
05,000 Ih., 37,750 lb., 30,000 lb., 30,000 lb., and 
even, in the case of ore, to I he great weight of 
48,500 lb., or nearly 22 tons. The average wtdghi 
for the whole being about 12 tons a car. as 
against 10 tons, which was the maximum h ad but 
a tew years ago. 

The iuterual fittings of a first-cla.«^ Auicricaii 
car are gotnl, but inexfxmsive. A large amount 
of admirably made cabinet wt>rk in choici* w(»od is 
gcUt rally found, the roof and tt)[» sitle liningo Indiig 
of painted c invas stretched on fraint's : mirrors are introdneed, and at eji« h end i« a lavatory 
and stove; filters, the water of which is iced in summer, being uls*» pooidc^. The seats are 
generally upholstered in vedvet, and each hohLs two pa>Mnig» rs ; them- Heats lire hung on centres, 
and can l>e tunicil, so that the contents of the car nmy Ik; ilivided iiii«3 groups of four, sitting 
oj»|>ositc or all iu one dir« ction. 

Nominally tliere aie but two classc^s on American railways, namely tirHt><dtiHH imssengers ai.d 
emigrants: but in r<*ality there are three, as ch arly, or even more clearly, i]etir*e<l than in 
Eurojie*, and this without taking into fn'eoiint the emigrant trafhi*, the aceommodation which is 
provided for the.se latter lieing of the iijo»t meagre description, and hiil Uir* ly snnicii iii to enable 
them to perform tin ir journey, anything like c^miforl being altogether unthought of. First we 
have the onlinary first-cla.ss cars, which are well-ap|s>iiiU*il, eommo lions vtdiifh'.'s in which, how- 
ever, a general abwnce of proper means of ventilation, together with the coritinunl pre.itoice of 
tobacco smoke, combine to prrsince an atmo.Hphon* altogethtT t>ecnliar U* tliew' cars, aiui reialeritig 
them, to the majority of tnvrller.s anything hut ilesirablc places in which to undertake a h»iig 
journey. Next th<* .Ho-C4ilIed laflaV cars, which form pnicfically a M^parate class, as gentlemen 
unaccoinpaiiieil by ladi«*s an* not adimttod to them ; but in these* also, altlnoigh sua^kiiig is 
prohibiteil, the want of pr»iper ventilation, es|>4*cia‘ly in winter, is very much felt. The third 
clas.-s c*msists of tht* s|KX*ial vehh h s c'itlier belonging to tin* eoinpaov, or haiib d by iht m. udiuission 
U> which is gairn d by paYiia lit of an extra ft-e; the grrsat^ r niimlK*r of the«»’ HfHH'tal cars IsMiig 
owned by the rullmaii iVilie’c lars C<»iti|»*»uy, In thc*f* 4 - the af‘C^«miiir««bttton hi^vf-s nothing to 
Ik.* dtri^ired, nial though priv.icy, which is re<*ogniM*d elK#‘wh»rf* as an advantage-, do* h not i xid, 
the traveller enjoys n lofty, r«K»niy, and liixiitioti.Hly litted \ehich*, whiei* traveU with the iitna>.*>t 
smrKith ness, which is kept C4ioi in siiniiner anrl is well warnml and leritilut#**! in wiut 4 *r, and in 
W’hich a free«lom of umveineiit is praclictible. Ih'sideH the |Kirlotir cats and sleeping curs, 

there are others wh;cii are fitte<i up as dining or re.^taiirHnt c^ars. 

The rolling sbick i mployed for the gixMlK triiffic, in romuion with the fMisscngor stock, also 
diffe rs c<jn*«iderably, an»l is of a very varie<l and, in wmie eases, s^aa ial character ; the* chief fiiitur<*s 
of the various ty]K?rt Ising the etid Iwigie cars, and their great sr/e and weight. 

In Figs. 205fS io 2* f#l ik illustrated a staii#lard ftfst-elass car of t)»e iVnnsylvatiian Hiulroad, 
having accomimKlatiiin for fifty-four f»asw;ng« rs. In Fig. 2(»58 at 1 is a side elevation of the IkkIv 
of the car. at 2 a side «*leviitifm of the lirsiy framing, at 3 a is.-ciional vhrw of the framing, and at 
4 a hmgitiidinal is ctiori of the interior of the <*nr ; Fig. 2(l55> is a half end eh vatioii and half 
crf)ss fK-ction of the IxkIv ; Fig. 20f;0 is h half elevati«m and half iwction of the eml rniming ; and 
Fig. 2UG1 IS a part plan of the iinderfrumc ; and Fig. 2fw;i* a iiart plan of the interior of the cur. 
'J’his c*ftr is earned ujion two four-whe4;h*<l lx*gie trucks, which are placeil 28 ft. I in. aimrt from 
centre to eeufre. 

The princi{*lc dimensions of this car are ; — 


l..ength of >>ottoin frame 

„ „ lH.*twe4:n shoulders 

Width of „ 

Total length over end phitfonus 

liCfigth of Isxly inside 

^idth ,, „ 

Height inside, to top of aide framing 

ft „ h> springing of raised |M»rtioii of ns^f 


ft. III. 

4d t; 
15 8 

SI 49 
51 fl 
15 29 
8 «} 
Cl ill 

7 il 
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Heiglit inside, of raised portion of roof .. 

AVidtli „ „ ,, at bottom 

♦» *» *» ®'t top • . . • » . • . 

Xjtmgtb ,, ,9 99 

Width outside of raised ]K>rtioii of cover of roof.. 

Height of end doors 

Width ,9 

Height of window openings in frame 

AVidtll 99 9, ,9 

Height from rails to under side of body 

Total height above level of rails 

Kxtreme outside width 

Diameter of wheels 

Weight of body unloaded abemt 17 tons 11 cwt. 

„ four-wheeled truck .. .. „ 2 ,9 17J „ 

Number of passengers carried 54 


ft. in. 
9 9} 


4 

4 
41 

5 


6 

2 

8 * 

G 


6 G 
2 1 
2 8^ 

1 loi 

3 5| 

13 10 \ 
9 8 

2 9 


'I'he framework of tliis car consists of a braced structure, in which the sides form an important 
feature. The principal incmhers eontist of two sill timbers A, 8 in. by 5 in., running the whole 
length <*f the car, and placed 8 ft. Gj in. apart in the clear; the end timhers B, the corners of 
whicti are rounded, heing of the same scantling. At eacli of the ff)ur inner comers of this frame 
are fixed cast-iron braekets C 9 by means of which the longitudiiud and transverse sills A B are 
secured together. The principal transverse framing o^*curs at the jwints where the cast-iron 
turning plates 1 > are Isdted, whieh take their bearings on tl»e b(»gie truck; it is formed of two 
iK'Hrns. one 7 in. dee]> and the other 5 in., both being 14 in. wide. The lighter beam pjvs.ses aerctss 
iK'lwcen the rmter sills, the deep* r om*, being place«l only hetvvc-^in the inner longitudinals E, which 
arc {tandhd with the outer oin's, and arc 4 ^ in. wide and 7 in. drep. A pair of strap.s F, show'n in 
Fig. 20 (> 1 , are strelcln d over the l<»p of tins midille traii.*>vcrse timber, their ends Iwing attached to 
a C 4 Hii>le of tie-r<sls, which pas-s through the lower transverse Ix am, and arc secure'l by nuts, tbc 
ends of the l>cam Inung cbanifcre*! so as to se<‘ure a fair bearing, and wasber-jdates l>«*ing intro- 
duce<i. 'rbe space iK'tween tliesc tran.«»verse fmiiies f<‘r the truck Ist.irings is divided into three 
bay.s, two «»f 10 ft. 451 in., and a central one of 10 tt. 7^ in. Tran.«vers<' tiinbi rs (t, 5 in. by 3 in.i 
extend across and U*nealh the out*'r sdls. while above lb« se ore lighter stretching j»ieces H, placed 
Istween the four inner longitudinal timbers; tie-nsls, which are securctl to the outer silb. running 
close Is'shle tbe.'»e cross iH'aiiis, In ad<lition to this, a sy.-tem of hoiizonttd diug«*nal br.ic.ng I is 
HitnKliiee«l. there being five pain Is <tf this in the whole len^rtli f>f the In atidition to the main 

flame theie is, at each cn<l, an auxiliary frame K, ft>r carrying the* Miller platb»rm. These frames 
c*(HjHist I ach of four timlM is 5 in. hy 3} 4 iu., which are cnrrietl back to the truck l>eams, and 

project aUnit 2 ft. t>ey<»nd the main frame : and at their outer emls thc'se timlK-rs carry a Ix-am L. 
Th<» t 4 »tal widili of iiiis auxiliary pluttorm is 4 ft. II in., tlie middle }Kur of timbers being 8 in. 
apart in tb<< char, and the fiut* r ones 1 ft. G in. dUUint from the inner. Planking is laid upon 
ilicst^ titulxTs, Irtuii the t»uter fiair of which steps descend leading to and fr«>m tlie car; to the end 
lH*aiiis aro attached the rails ft»rming the platform gu.ird. two standards from which rise to the 
[irojecting ro<»f <*f the ear, ttie hainl-braki* g< ar In-ing also attachc<l here. Ttie fcte^»s on eaeh sidi* 
are three in nuitilHT, with 8 -in. treads, ami li» 4 -in. Timers; decreasing from 2 ft. lu in. wide at the 
bottom, to 2 ft. 1 in. nt the top, and rest ii|hmi ojiM-iron bra 4 *ket.s Indteil on the inner side tf> the 
frame direct, and su[»|sirtcd outside by a light brackitdl standartl, dt scending from the und» r side 
<»f the fraiiie ami passing tbrongli the l#otforn step. Ihdls o, 1 in. in diameter, pass from tiic ciul 
Im am to the imiin tiinlH^r of the frame, th<< plathtrin timlK'rs Inung nl.xt Indtixl through to this V>eam. 
Besides the railing coiistituling the platfuriii guard, wliich is 2 ft. 1 iu. high, witli an s|«aee 

ill the middle of the same width to allow of passing from one cur to another, handrails are 
attiehinl to the ends of Uio ca.rriage, near each set of «te}», to aosist passengers in leaving or 
laiteriiig. 

The side frames of the ear are so built ns to add very much to the strtugih of the structure. At 
a iieigbt of G ft. 10| in. ulsivc the longitudinal sills, nnd 9 ft. 3§ in. apart outside, two timhers 
M, 7 in. hy 1 ‘ in., run the whole length of tho car. Uroups of po>ts N, two in each gnnip, b« ing 
placed iK'lwcen the longitudinal sill nnd lliese upper tiiubi'rs. These are IJ in squa^(^they are 
|>lac<»4l 10 iu. n{mrt, with a clear interval of 1 ft. 10} in. lietweeii each group, and they are mortised 
into the bills, ami attached to the up|H»r tiinliers. which arc plae*‘d outside them. The windows of 
the car are intnHluc* tl into theo|H*nings of 1 ft, 19} in. IxdwtHMi the groups of jnvsts, and e-ach pair of 
the hitU^r are coiineoteil and strengthened hy light horiziuitnl »tn»tchers plai-«‘<l ht-tween, at intervals 
of 7 in, bIkivc the main liorixiuitul mil O, which is placcal 2 ft. in. alnwe the sill A. 'Mie mil O is 
3 in. hy 4 in. and oiitsiile the gn>ii|>s of {K>ai8 N, ami the s|)iict» between it nnd the sill A is 

dividevi into thn'O parts by two other horistontal rails, eaeh 2 in. by IJ in., which pass inside the 
posts and are UdUxl to tlitun. Ik'twtHUi the sill A and the mil O an intermediate |>ost P is intiY»- 
diiced lH?twtxm «*ttch gmuptif )iObts N, and diagonal bracing r^nlsare einplt»ycd Wtween the mil and 
the sill to sireiigthf 11 the structure; tbert' Indug twch-e of those nxl.s dividiHl into four groups on 
Wicb siile of tl»e Uxly, the cml pairs ftirtning two grrmps Indng plaot d so as to full from the rail O 
towards the end of the c^ir, while the other four in each grimp are directed towards thi centre of the 
ear. Cioit-iroii bearing blocks am intm liictMl, ls>lh on the top <»r the mils O, and underneath the 
nils A, for the tuljustiug nuts of the braces to take their l>earings on, posts Q, 4 in. by 1} in., Ixnng 
placed Ind ween the mil and the sill wherever theot* braces occur. In addition to thcsi' dingonal 
braces, vortical rods 11 |biimi from the sill A to the npjrer timla^rs M, to wbich they are fastened by 
tmaimof a tsde plate and two Isdts, there U iiig aix of these nnis on each side of the ear. At a 
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height of 2 ft. 9f in. above the rail O, a moulded rail B, 3} in. deep, mns horizontally from end to 
end, outtfide the group of podts, the clear space of 10 J in. between this rail and the upper timber M 
being filled in with a panel the whole length of the car. The end framing of the car is similar to 
that of the sides. 

The fioor of the car is formed of close planking 1} in. thick, the ends being flush with the out- 
side of the main longitudinal sills, and out away whore the side |)ost8 interfere. 

The outside of the sides of the body, as high as the moulded rail running beneath the sashes, is 
close-timbered with {-in. planking, tongued and grooved ; but in order to break up the flatness of 

20S9. 2060. 



so largo a surface, vertical strips are laid on nt small intervals, and in the centre of the car there 
is an oval iuclosurt) for its name and num*‘*er. The wiiidow sitshes have elliptical hea<ls, and are 
Burrcmtidt*<l with mouldtd rails, the nfmct s Ix^twccii them, corresponding with the groups of ]>osts 
N in (he frame, ladng filled in with stink (panellings. 

The ro^pf is made with a raisp ^l (^M^rtion or **<lome** along nearly the whole of its length. This 
dome is l»as4'<l ujhiu a nvtkngul.ar frame of inouhlt-d tiiid>er T, 4 ft. 104 in. wide hy 41 ft. in. 
long, Um* umlersidp* of which is 7 ft. 0 in. uUm? the fi<»orof the car, this frame being 8upi»oricd l»y a 
series of half rafU rs. cnrvetl to tlie form rcMjuired for tlie rspf, 2§ in. by li in., and placed I ft. 44 in. 
apart, with the exet^ption that at six |Hiiitts in the length of the cur Uiesc rafters are placed in pairs 



close togetlier ; the outer ends of these raftt-rs reating on the longitudimd timhera .M, uiul their 
upjsT ctitls mortis^nl into the htise »'l th<» dorio*. Tlu* aitles of the dome are 1 ti. 34 in. high, formed 
or two moulded timU^rs, the lower one 2 in. hy il in., and the ui>|)er one oj in. by 1’ in. ; these 
aiti (ihicMHl in. a{part, and are CNUiiartixl at intervals hy vertio\l lH 1 ^ts, so as to leave rcchinguhur 
oia^iiings 2 ft. 8 in. by 7J in. down th.‘ whole length t»f tiie ear, these openings being filled in with 
glazctl swinging sashes, whioii act as ventilators. Into the timlKTs toriuing the upjKT part of the 
sidi« of the dome, the rafters of the latter are halved ; these uro of the same scaniliiig as the half 
riifters Udow, ami arc spaec^l I ft. 44 in. apart, i xcH'pling that six i>uirs are (da* ed elof^e b^gether. 
The roof covering frtmi the shh s of the. air to the Isise of the dome is of tinned sluvts. ami timl»er 
J in, thick, tongued and grtnived, ami fiuisheil with a slightly projiHrting nosing, which ainstitutes 
the widt'st t»art of the ear. The roof cviveriiig of the* top of the <lom<' i.s aliwp J in. thick : it projects 
about 9 in- beyond tho sides of the dome, ami is also llnishtHl with a nosing, a ehisc hoarding 
running uiuleriicath from iliis nosing to the side <»f the douii* fur the whole length of the car. Th*p 
roof at each end of the oar is finiahed as in Fig, 2058, tho donuw In iiig exb. iidtd in width equal 
to that of tbe car, and brought forwunl to ov< rhang the end platforms. 

The internal finishing of the vehicle is shown by the longitudinal stx'tion at 4, Fig. 2058. From 
the floor level to a height of ll in., a plinth of yellow pine u, 2i in. thick, is emiduyed, and above 
this a lining <»f ash 6 is ustnl, extending nearly to tlie level of tho sashes; the bottom line of these 
iHdng ttuirked by a projecting moulding of cherry. The niouUHiigs around the windows are of ash, 
with' intermediate iiauels of maple, tlie whole ol the lining up tu the It’vel ot tho rtnif being also of 
maple, and iltc base of the dome ceveretl with a moulding of tho satue woc^; maple, indecnl,^ 
rolmved with ohorry, forms tho chief lining muierial of Uie car, 'Ihe head lining, however* is of 
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painted canvas, stretched on suitable frames, and nailed up in place. The window sashes are 
glaz^, and can be liftcxl up ami down, a spring stop l>eing employed to arrest the sash at any 
desireti point ; there Ix ing, in addition to the glass, a second sash filled with light louvre boards for 
use in suniiuer. Tl>e seats are arranged tninsversely on each side of the oar, so as to leave a central 
passage down it for circulation. The frames of the seats are of iron, and swing upon centres, so 
that tlie 8 <'ats can be arranged for passengers tt> sit in groups of four, or all in the 

same direction. The covering of the seats is rcjd or green velvet. 

At one end of the car a water-closet W, arranged as in the plan. Fig. 2061, is introduced. 

These cars are lighted by gas contained in rtst^rvoirs under the frame, three or m<»ro lamps 
being hung from the roof. 

Tht^ bogie trucks on which the cars of this class are carried are shown to an enlarged soido in 
Figs. 2062 to 2064 ; Fi^. 2063 being a half side elevation and half longitudinal section ; Fig. 2061 
a half end edevation and half cross section ; and Fig. 2062 a half plan of upper side of framing. 

This truck consists of a main timber frame, 10 ft. long, and 7 ft. 1 J in. wide outside ; the side 
frames being 0 in. det‘p in the mhldle by in. at the ends, and 4J in. thick: and the end timbers 
4^ in. by 6J in. The side tiinlx?rs M are 6 ft. 7\ in. ai)art outside, and the end timbers N are 
secured into them for their full depth, 
the under side being iiiish. Eleven 
inches within the side frames, inner 
timbers 3 in. by oi in, are stretehtxl 
from the ends to the centre framing 
<), which carries the car cvutre A ; 
this centre framing consisting of two 
transverse beatns 4» in. )»y 0 in., which 
are luortisetl into the longitudinal 
timlxTs M. and are placed 12^ in. ufwrt 
in the clear; a centnil lx*am U, 12 in. 
by 8 in., which slops short of the sale 
timW'i-s M by 2J in. on eaeh side, and 
which is so plar‘*Hl that its upper 
surface riaes aliove the level of the frame, being plucod betwe<*n the timlxTs O. On eat'h side of 
the timl)ers O are placed two truss rtxls, 1 in. in dinmetcT, passing through the side frames and 
secureil by nuts, while in the mid<lle they ore strained under a siuldle |)hite which pass4‘s Wiuiith 
tlie central part of the framing, and is ti» the timbers bv tvvr> J-in. bolts ; a ctmple of light 

straps, 2i in. wide, also ov* r the central transverse Ix^am U. and arc Udteil to the two outer 
timbers t). The central la^am K is carncsj by the arrangement of springs S, there In-ing thnx* pairs 
of tiiese springs on each side of thf truck. Each of the springs S is laiilt up of six leaves 3 in. 
wide and collectively 2 iti. thick, the length Wiiig 36 in., and the distance ladwecn the b»p and 
bottom springs in eacli pair 5 in. at tiic centre. The clips of the iip|KT springs takf‘ their bearings 
on a cast-iron plate, which is nceived into the nmler side <*f a |wrickiug strip <», Fig. 2064, 12 iri. long, 
by 12J in., and 2 in. thick, Ixilte^l to the l>ottom of the centnil la'am ; and similarly the cli|vs of 
the lower spring rest on a .*k‘coud cast-iron plate siipp<»rbd by the l»euin \ 5 ft. in. by 12J in. 
by 2J in. I'nderneatli this l>Hr and 4 ft. r»| in. apart are plact*d two cast-iron brackets o,*tbrough 
which pa»,ses a b/lt in. in diameter; the length of lids bmcket is HJ in., and the Ixdt d prr\iocts 
at each end sufficiently to receive a link 2^ in. wide and 7 in. long; a pin IJ in, in diameter 
passing through the up[>er eri<l of this link and through a stmp slung over the transverse timlnjr 
in tiie centre of the truck ; thesc,^ straps l>eing each bolted the timlxTs by two 5-in. ixdts. Two 
light wrought-iron arresting strafis /, Ix^lted to the under side of the frame, are placed to support 
the sw ing pr>rtion of the franio in case of fracture. 

The ca.st-ijvm pedestaU P, are placed 6 ft. apart from centre to centre. Ovijr the centrf» of ih© 

joimial, w hich is 7 in. long, is a recess in the b>p of the axle lx>x 2^ in. wule, wddeh forms the 

tx'arfng for the- Ijcnt bar B, which earner the rublx*r sale f^prings S' ; these bars are 2 in. thick, and 

3J in. deep in the centn;, uml the ernla are c^lrv^*d tipw'ards as shown, when; they pass Ixdiind tb© 
p^;destals to take their iK^arings. The sfirings 8 ' are placard 2 ft. 8 in. apart from centre t<i rettirc; 
they are fomiM of bhx*ks of solid indiarublier 8 in. tti diameter and 7 in. dei^p, placed in top and 
Ixdtorn stx’kcts 7 , A. A fiat bar /, in, by } in. extends from |X*d 4 *stal to pi*d<^tal, the ends btdng 
turned up s^y as to catch on the oub.'r side of r-acb pcfiestal, to which the bar is b<»lUd ; while at a 
di.shinc/) of 2 ft. 25 in. from the centre of each axle, a tran 8 vcrs<? rrsl m passes acrr»ss Ui© truck, 
connecting the Isirs I ; the Uirs m are 1 in. in diameter, and ore inarle with a palm at each ©nd. 
which e mbrace's the flat tie- bar t>etwcen the pedesbds, the cxyiincrtioo being made with a bolt os 
shown. 

The »i<ie frames are Mrengthenel by the addition of bars 1 in. srjuare, the brdtom Inner oomor 
of the fmme b« ing cut out Ut rvreivis them ; thes#- bars are secured by nuts at the end of the frame, 
and are placed horizontally for a disUincf* of 6 ft.. <-orr<'S|xmrling to the disUnc© apart of the 
|sd« stai casting. At each end of the lxd^t<»r U, ami on the uf^jx-r side, is lx>]t©d a casting k ; these 
castings forming bearings for the Ixxly of the car. The r 4 ist-lr<m plate A, is that on which ih© 
truck turns when running ; it is 2 ft. 5* in. hmg, and is fornnd of a disc 17 in. in diameter, with 
annular channels, and two projecting lafws, with a J-in. hole in each, through which pOMMM a bolt 
holding the plat© ufK)!! the Vxdster ; in the centre is a circular hole, and a corresponding opening is 
in the Ixdster thmugh which the bolt fjasses connecting the plate on the carriage, D, F^ig. 2058, to 
the truck. 

The axle guard is made of i-in. plates 3 in. wide, and is IsdU d to the frame timber by two | 4n- 
liolts at the ends, and two inner lx#lu of the same diameter fHiasiing through cast-iron distance piecaa 
as shown. One side of the lower fart ot each of theisj axle guards is tonied over to form a braokeit 
through which puss# s the ivjd n, and around this rod is roiUM a s^dral spring, which presses against 
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the break lover L. The brake rigging is clearly shown in the drawings ; — ^Two light plate>iron 
guards o are bolted to the end titnbers, and protect the floating bar F ; to the latter are Mted the 
brake blocks and the forked bars P, which are pinned to the levers L, these levers being different 
for the two ends of the truck, as will be seen in Fig. 2062. The upper end of the lever slides in a 
wr<)ught-iron guide r boltcMl to the timber, and tiiat of the opposite lever passes through the loop 
which is drilled with a series of holes, through either of which a pin can bo pas8e<l to regulate the 
position of the lever, both levers being connected by a bar, that the brake power delivered on 
one is transmitted to the other end of the truck. The floating brake bar F, witli the brake blocks, 
is suspended to a rectangular link r, } in. in diameter, the lower side of which pas^^es through the 
block attachment, and the up[>er part through a bracket which is bolted to the under side of the end 
framing timber. 

Fig. 2065 is a half side elevation, and Fig. 2066 an end elevation of a standard sleeping 
car, filto<l with twonty-fonr double berths; a double berth being almost invuriaV>ly allotted to each 
passenger. The constructiem of the Iwttom framing of this car, and of the body is similar to 



the first-class car above described, tin- ititerual arrangements and fittings bt ing nmiidy like those 
of the Pullman sleeping car, though perhai^H not quite so elaboraU\ This type of car is carried on 
six-wlK*eled Ixigie trucks; and its ptiucipal dimensions arc; — 


Length of Ixdtom frame 0 

Icmgth over bufters 64 8 

Instance U'tw<a*u cvmtres of lx>gios 44 0 

bast* of t*ach lj<‘gie 9 0 

T Manifter of wluMds 2 9 

Width <»f botly inside 10 0 

over all 10 11 

lleigiit inside, at centre 9 9 

ftlwive levt I <»f milt*, of under side of btuly 6 

Tidal hciglit filxive level of rails ’ 13 10 

Avtrage Weight of a car nultHMh tl 2.“> to 26 tons. 

Weight of stx-whecled Inigie truck 4 tons cwt. 


Fig, 20<>7 is a sidt; elevation, Fig. 2068 a longitudinal section, Fig. 2069 a half end elevation 
ajid half cn»8s s^tetion, Fig. 207t) a longitudinal section through centre l.>olstt‘r hotly, and 
Fig. 2071 ball plan of tlie «ix-whwle<l Itogie tru<*ks on which tlK*>e cars are eurrictl, 

t<»tal length of this truck is 13 ft., and its outsith* width 7 ft. 1} in. : the main side frames 
are 9J in. by 4 J in , and the eml timtH^rs 4 J in. by in. The pedestals P, are of the same pattern 



as those in the four-wheeled truck, and thev ore conucclctl at the Udiom by a flat horizontal Un L, 
34 in. by 4 in. thick ; these liars iKung tied together at tlie two points M, by round bars 1 in. in 
diamoter. Fnan tlie outside iiodestals to the end frame, struts K, 1 J in. in diameter, and with sole 

a lntf>s at each end, completo the bracing of the fmme. Iron beams 0, 2 in. thick anti 34 in. deep in 
no widest jtart, take their Ixnirlngs on the axle boxes ; and In'tween tln^ upper edge of these and tho 
tindor side of the side fmme, are inieriiost'd indiarublier bh*ck springs V, resting in sockets. Iho 
arrangement of bolster fmiite is as follows; — ^I'raiisvorse timbt rs I>, 3jf in. by 9 in. and 4 ft* hi. 
apart in the ch'ar, sptm the disianoe botw<‘en the main sitic timbers A, in tht? middle of their 
length, and pamllel to them and lOf in. distant from them, hmgiiudiiml timbers C,3i in. by 54 in.. 
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PM from the transverse beam D, to the end timber B. Between D the bolster frame is placed. 
This oousidts of two timbers K, 7|f in. by 8 in., and two F, 6 in. by 7 in., connected together to form 
a rectangular frame, measuring 4 ft. 2 in. by 4 ft. 9} in. On the top of this are placed the timl)orB 
G, 3 in. thick, and in the centre two others, J. The frame is tied in longitudinally by two J*in. 








Pi5 . : 
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bolts 1, and tniasc^il by rods Z, of the same size, taking tlitMr centre Uniring on plate / , and IhiIU^ 
up aindnst the plate Y on the top of tlie fmim*. tStiengtliening bars U are recesscMl inh^ the b>p 
sides of the frame, and are bent to tlie form shown, ns the centre oi the bolsU^.r frame rises in the 
centre to receive the cast-iron centre plate Q ; the whole being cohered with light slicct iron. Two 
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horizontal iMnsvei^. ti* -nHl» T' arc aU» intcMjue#-«l Tlie r* ntre plabr Q is HJJ in. in diameter. 
If c<»rrt*j<jK)n<Is a itli that for the rour*w]fi'< led tniek previously doNr^riUd : ati»l »t is nctettrod by tht» 
Xtr .***' * thruugh the framing and the plate Z* ulrcwly mentioned. The bdslor trame b» 
nl'ii!- springs V, armngorl in coufibs^ these springs Mng built up of seveii 

L i u* lit i* L.!*® Mt-mm plahti at top and liottom, the former being lndtnd 

m >cr L and the latter to the beaut 1 ; the m tuner of susiii'itsioii being ai follows 
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On one uide a bracket W pbbbcii 
around the timber D, and is bolted 
thereto by two J-in. bolts^ and on the 
other the bar W' is bidted to the side 
timbers A, and 8tretrh<*s between them 
the whole width of the truck. The 
links R, 8 in. between centres of pins, 
are attached resfjectively to the bracket 
W and the bar W', and below to the 
casting through which a 1^-in. pin 
passes and retains the whole in posi- 
tion. The under side of the brackets 
R' is cut away to allow for clearing the 
tie M, which is placed close beneath 
them: the timber I is 7| in. by 2J in. 
Guard brackets K' are providcsi, as 
well as axle guards A and A', a liar B' 
passing transverncly between oacli out- 
side pair r)f axle guards ; that on the 
right-hand end of the truck having 
aiiachetl to it in the ecmtro a spring 
plate which licars against rubbing 
plates in the flouting brake beatii 
and n*placcs the spiral springs ein- 
idoyefl in the four-wheeled truek. 
The ey<^-lKilt K' poshes through the 
floating lK«m, which is protecUd uieler- 
iu;4ith by an iron phihs and to it is ut- 
tachid tluj brake link F, the forkcsl end 
of which at the opisisite extremity of 
th<* truck is connectt^il t(* tlie lever G% 
attache*! to ttio fli»ating l»eatu by the 
forkcMl bar IT, and moving at iU ujiiier 
end in the guide I'. 

A standard b<»x car, or covt*red 
gorsls waggon, of the IViitisylvariiait 
liatlway is illtisirubsl in Figs. 2072 Ui 
2074, Fig. 2072 lieing a half side eleva- 
tion and half longitudinal MM^tiou : 
Fig. 2073 a half cross seed ion and half 
end elevation ; and Fig, 2074 a tjuarter 
plan of bottom flaming and a <|Uarter 
sivtiotitil plan of iKsiy. 

The priuoi)jal dimcusbms of this 
waggon an‘ ; — 

ft. in. 

Ixmgth of liottom (hune . . .. 20 10} 

.. between 

einlMU* 2« 4} 

liongth of stringers 2S 7} 

„ end sills 8 2} 

pbitform plank .. 8 3} 

W ill ill of lattU^ni frame .. 8 0 

Height of under side of frame 

alsive level of rails 3 2} 

Total height alKive le%*el of rails 1 1 3J 


Length of boily, outside . . . . 28 

„ „ inside .. ..27 

„ running b»iml of roof 28 


>Vidth of bexiy, ouUido . . 

.. 8 

o 

„ „ iuside 

.. 7 

H 

Width over all 

.. 8 

0 

Height inside at shU?s 

.. 5 

JOJ 

„ „ oeutro .. 

.. 0 

8 

Width of dotir 

.. 5 

« 

Height „ 

.. 0 

23 

Diameter of wheels . . 

.. 2 

9 

Wheel Irase of Iwgie 

Distance a|)art of evntres 

.. 4 

of 

10 

bogies 

.. 20 

tons. 

U 

cwl. 


Weight of oar, about .. 8 10 

,, each bogie 4 1} 

C<i^sa:i/y.-^6iierai morchaodiso 7 2} 

Flour 11 13 

Grain .. U U) 101 b«us. 
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The bottom frame of this waggon oonaists of dx longitudinal aills, the outer ones A 4 in. by 
8 in., and the inner ones B 3 in. by 8 in. ; the end sills being 8 in. by 9 in. Cross timbers trusseil 
in the ordinary waj’ are placed over the trucks, similar to the frame of the flrst-class carriage pre- 
viously described, and two intermediate sills C, 3J in. by C in., arc plaee<1 under the longitudinals ; 
additional framing 1imlM>r8 being introduced between the end sills and the trausverse framing over 
the trucks, and to this frame the coupling 

and central buffer are attached. Two 20Y3. 

truss rotls T run from end to end of the 
frame, passing thr<»ugh the end sills over 
Iho cross l>eiim.s above the trucks, and l>e- 
neath blocks attached to the under side of 
the intermediate sills O. 

The iKxiy is framed at tlie f<uir corners 
by posts 3] i'll, by 4^ in., 8 ft. apart and (» ft. 

3 in. in length, and at short intervals by 
intermediates 1, 2} in. by 3 in. ; diagonal 
biaoes are placed l^tween these po.sts, and 
arc framed at the Indtom into the longi- 
tudinal timl>ers A, and at tlu' top into the 
iipjHT sill 8, these braces being of the same 
size as the namely, 2^ in. by 3 in. 

At the siile of each xertir’aU jkost I a rod 
g in. in diameter ]>asset» Iran the ro f aill 8 
to the 1 njgitiulinal timlxrs A. and hori- 
zontal tie-rouls are also employed to tie 
these posts together at intervals under tlie 
roof. On tlie top nf the j>o.’sts I a sill 8, 

2J in. by 5 in , is framed, and to this tlie 
side planking is seciirtsi. 

Tlic tbK*riug of the car is of If -in. 
planking, toiignctl and grooved, and laid 
ov» r the fram > l>eyond tne Inxly at each 
end. For a height of 2 ft. Ibf in. ai»ove 
the floor lints the sides « f the car are made double, of f-in. planking, brngucsl and grooved, and 
place d one thiekness outsid** and on** in.^ide the |»^*sts ; tin* mibT pinnkit*g on th«> si*!! n * f the l»o<iy 
falling outside the nmin longitudinal sills. At the he ghl ef 2 ft. U»t in. nl ove the t!.rf*r a moulding 
runs round the inside of the IxhIv ef the car ; and ulane tl.i» b‘vel tin* Iswly is binned with a single 
Ixuirding, that is, the planking outsifle the ito-sts only is ext«>nd»<i to the r*-of. 

Tilt" main timUTs or otirlines ar** fmint d inU' the mof sill S, one at »*«. li end and one in 
the middle .\t intervals <tf abmt 1 ft. 9 in., light r.tlters, 21 in. a*jnare, art* fnitutd, and these 




rum two purlin* and a ridffc np .n whu h tlM! roi.f plankinn. } In. thick, in lai.1. A ' 

►tup W, 4} in. d< « p, rniia alonft Ant»iii« tlic rtu,{ Kill H; nixi a head lininu m nlwn iiitrmi 

in . n. l. kHc of the ixKly Jk fomted an ofa-ning, ft. 4 In. iottg and 0 ft. in bright. thri«? oponinga 
Ik itiL' rlrw^l hv Kliding dw.r* 1>. J in. tliick, running in guide* whicii are boltcxl t». Ilic i • 

- A, and to the rtx>f sills 8, 

or the «ty Ir of lK«io trnck, j»llrd a diamond truck, and which i* gancmily adopt, <1 for all kimU 
of freight car*, Fig. 2(1,8 i* a half wdc el. valion and half longitinlinai (Ktclioo; Fig. 2070 a half 
. nd cIcTKtion i.^ half errm M«>ion : ami Frg. 20«» a Imlf plan partly in anotinn. 

The rtliCKd* W arc of rlitilcd caat-irrm, 2 ft. 0 in. in diameter, and are monnl^ oB wraaghSlfou 



ao;5. 
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ftxlc^s 4i in. in diamoter; the iiearin^s in the wheel eoata being 4 in. in diameter and GJ in, long, 
and the journals 4 in. in diameter and 7 in. long. The wheels are placed 4 ft. 10 in, apart, and 
are coimecttni by outside framing, which consists of a horizontal bar A passing between the axle 
^xes and fitting into recesses on their lower sides. On the top of the axle l)oxo8, and fastenetl by 
through bolts, ai-e the ends of plates T, 1 in, thick, which diverge towards the middle c»f the truck 
until they are 16 in, apart, when they again become horizontal, and rest, tho lower iiicmbcr on the 
liar A, and the upiier on the end of the bolster B; through Ixilts whicli pass inside cast-iron 
distance pieces securing the structure together. TIjo upper bolster B consists of tinilier 
10 in. by 8 in., rodiiot'd at the ends for a distance of 10 in. to allow the upper Iwr of the side 
frame T to pass over it; this beam B is trussed as shown in the cross section. Fig. 2079, the 
truss rotls passing into the cxmtre under a wooden {lacking and cast-iron saddle. The lower 
bolster C is 6 in. by 10 in., and 7 ft. a in. long, and is trussed similarly to the upi»cr one, but with 
only one end rod. To ^th bolsters tho brake rigging is attitchoil, the tioating lieums being hung 
to the upper one. The springs are ordinary leaf springs 2 ft. 9 in. long, and are built up of seven 
plates J in. thick, and ta|)ert d off to in. at the ends ; tho plates are {larallel throughout, ami 
3 in. wide, the overlap of each leaf, excejit tlie top one, is 2J in., that of tho latter at each end 
lieiiig 1| in. 

aoHtxi. 








A standard drop-liottoin g indola car, or open goo<ls wagfp-in of the Pennsylvania Railway, is 
shown in Figs. 2075, 2070, and 20M1. Fig. 2075 is a half side elevalitm and hnlf longitudinal 
ww'tion ! Fie^. 2077 an end elevation : Fig. 20HI a cross scnrlion, half thruigb the npixT tnniiiig phiiea, 

Fig. 2076 a half plan of car and lialf plan of bottom 

framing. 

The principal dimensions of this car are ; — 


Length of lioltorn frame 

„ inside end sills 

„ oviT all 

„ of sides of IkxIv 

„ of Ixxly, oiilsiile 

„ „ inside 

l>c|)th „ outside 

„ „ inside 

Width „ „ 

„ „ outside 

„ overall 

Bottom door, length 

,, width 

Distance apart of centres of U»gie tmekis 
Weight of car, empty .. u u> 9} toni. 

each hegie 4 Urns 1} cwt. 

Maximum load 10 to 12 tons. 


fi. 

31 

32 
34 
31 
31 
30 

1 

t 

7 

8 
H 
5 
4 

22 


In. 

I 

0 

3 

i2 

9| 

7| 

6 

f»J 

0 

6J 

0 

0 

G 
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The bottom frame oonaUts of five lougitudinal timbers, the two outer ones A being 4 in. by 10 in., 
the middle timber B 0 in. by 9 in., and tlic intermediate pair C 3 in. by 9 in. ; these are connected, 
by end sills I>, 8 ft. 2} in. long, and 8 in. by 9 in. in the middle, reduced towards the ends as shown 
in the plan, Fig. 207(5. At 6 ft. 3§ in. frr»m tlie outer face of the sills is tlie cross framing E, 
carrying the upjxjr turning plates P ; this consists of a sill 6 in. by 14 in., framed under the longi- 
tudinals, and bolted to them, side pieces F, 3J in. by 8 in., being l)olted on each side of the central 
longitudinal B, and extending for a distance of 2 ft. from the centre pin of the truck to the end of 
the frame, and outside these side pieces are two blocks /, 4 in. by 14 in. Passing over the central 
longitudinal side pieces and blocks are two straps a, 10 in. ai>art from centre to centre, and 3} in. 
wide, bolted down as shown, the ends of those strops being attached to truss rods, which pass 
through holes made in the crrws sill E, and are secured by nuts at the outer ends ; the cross sill E 
being also holted to the longitudinals C by j-in. bolts 6. At a distance of 7 ft. 11 in. from the cross 
sill K are two other transirerhe timbe rs G, 4 in. by C in., btdtcd to the main sills, and passing under- 
neath them : and to these timbers are attached the drop d(x>r8 11, in the bottom of the car. A tic- 
ro<l c, J in, in diameter, (hissch transversely through the frame over the cross sills G, and two longi- 
tudinsl tic-rods </, 1 in. in diameter, extend from end to end of the frame ; these latter rodsd, which 
are placed just outside each of the intermediate longitudinal timbers C, are bolted to the end sills D, 
ptassing through them about the middle of their depth, then over blocks resting on the cross 
iiinhers K, and thence underneath the frame, wl ere lliey b«ir in cast-iron sockets bolted to the 
middle cross-sills G. The brake wlictl 1 is placed at the end of the frame. 

TJie iKigie trucks are of the type already de.‘-crihcd, in conntK;tif)n witli the covered goods 
waggon, Figs. 2072 ond following; and are shown lather more in detail in Figs. 2080a to 

To the face of Uic outer longitudinal timbers A, at intor\*als varying from 2 ft. 7 in. to 3 ft. 7 in. 
are 8ecur€*<i sockets c, by means of staple bolts passing rouiitl the middle of the socket, and held by 
nuts on the inner side of the sill ; vertical pohts K, 3 in. by SJ in., are placed in these sockets, soiiio 
of them exit luiing only to tlie top of the side^ fif the car. and others aliout 3 ft. longer, the former 
being fastened to the sales hy thre<* Wilts, as shown, and tlie latter slotted, so that their heights Ciin 

adjiiste'<h and they ar<‘ fixtd by a Udt K |itissing through tlu? slot, and a nut and wa«her ]ilate. 
TJie sidi'K of the car, in. thick, lavides Ixdiig connected with the frame by meaii.s of the side 
|K>sls K, are secun'd hy strajm K, 2 in. w ide aial J-jn. thick on the inner face of llie ^ide, the lower 
|>ait of ihi.H Htra[i Udiig foriiM-<l with a f -in. holt whieh nasses thnnigh the frame, and the upper etui 
turn<‘<l ovi’f ami recessed into the top of the si<lc. Kiglit WdU, J in. in diameter, alsf> po.-'S through 
each ^ide ami frame. The c<»rners of the IksIv arc protect* d by angle plates, and the top by a llat 
plate* sfX'urt ^l by liolte. The lloor of the car U Ijf in. thick; it is toiigmsl and gr<K;vt’d, and is laid 
on the main sills of the frame, projecting slightly hi yond the outer timbers. 

The drop Wiitoin is phiec*<l in the middle <if the car, and fr*rin-s a kind of W'ell, 8 in. lower than 
the fli or of the car, and is clotwHi by doors which abut against the underside of the longitudinals C, 
the Cf ntral longitudinal B running through the w*dl ; the cuds of the well Ixdng fonncii of timlsrs 
4 in. thick, tcnoiietl inteithe longitinlinuU BO. The planking of the bottom is 2 in. thick, and 


20- *i. 





the hinges, which arc lioltexl to the transverse sillsof the frame, extend te> the ends of the do<'»rs; the 
doora are raised and lowered by means of the shaft 8, running across the car, and carrying a ratchet 
whcfd at one tmd. 

In Figs. 20831 to 2084 is sliown the standnit! hop|ier-lKittoni gondola car of the Pennsylvania 
Railway, this Indiig the ly|>e of waggon whieh is generally empioviHl for the convi vano** of c<*al 
and other similar mate^rial which tmn readily and conveniently l>e discharged from tho Inittoin of 
the cjsr. Fig. 2082 is a half side elevation and half longitudinal section : Fig. 208:t a cross section, 
half thnnigii tlie cross framing over truck, and half ihnmgh the eeiitro of hnpjHT bottom ; and 
2084 a half plan, showing part of the bottom fniiuing. 



1046 


ROLLING STOCK, 


The principal dimensionB of this car are ; — 

fr. In. 

Length of bottom frame 26 0 

„ inside end bills 24 8 

„ over all 27 2 

„ of body outside 24 0 

„ inside 23 Gi 

Depth „ Inside 2 5 

Width „ outside 8 0 

„ „ inside 7 6J 

„ over all 8 9 

Length of hopper bottom, at top 12 0 

M „ at bottom 2 7} 

Width „ „ 4 7 

Length of door in liopper L'otti>m 210 

Width ,, „ „ 5 0 

Distance apart of centres of bogie trucks 15 6 

Weight, uuloadtHl, alxait 0 tons. 

„ of each bogie truck 4 „ IJ cwt. 

Average load 16 


The bottom framing of this oar consists of six longitiidiiuil timlK^rs, the outer and middle pairs of 
which A. II are OHcli 4 in. by 10 in., the intermediate pair C Inung 3^ in. hy S in., atui the end 
timl>ers L being 9 in. deep uiul 8 in. \\ide in the middle, and tajiereil as sht>wu. The cn>ss fruming 
over the truck ctm-sists of a tiniher D, 14 in. by 8 in. in the 
centre, and uiidemeath a timber K, 1-1 in. by <> in., 

exh-nding lx>tween the outer frames ; the whole ladng tiu.'<M’d 
similar to the dn^p-bottom car al»ve d* .'^cnU d. A cri*s.'4 In^am 
F, 4 in. by 8 in., i.s nls<» introiluet'd iiniTu^ilinttdy bel»*w tin* 
comraencvinent of the incliruiJ |K»rtion of the <b»or. The 
undvrfr.iraes at the ends ef the car. to which are attached 
the eentral buffer, which is also the <lraw-l»ar, consi.st of two 
titiil>?rd Cr, placed under the central pair of nuiin loniritudinal 
timbers B, in the same manner as in the drop-bott»*iii car 
above described ; and two bumiK'^rs H, of cast iron, 2 ft. 6 ifi. 
apart, are phtce^l on each end of the end »ills L, Two nnl-^ I, 

1 in. in diameter, are intONluciHl at each end, extemiing from the buffer U*im to the cr*)»!*s timWr 
at the commenc<mient of the incline, and tran.svcrta? ro«ls * are aK# intro luci-d. 

Along the outside longitudinal timl>er.s A, east-iron srs'kct^ are Isditsl at inbTVats of 4 ft. and 
3 ft. 6 in., to carry |y*sts 1\ which t xtcnd to ihc top of th»' car. and to w hich the side tiiiilK^rH are 
bolted in t)ie manner shown, theS4* si<le and end timbers Is'ing 2^ in. thi»'k, ami twt> ibein form 
the depth of the lx)ily. Ti*e Miles and end.s of th»* Isrsly are str4*n^dli» in d and hebl together on the 
inside by iron stni{>s 6, 2 in. wide by ^ in. thick, running from the lbK»r virticaily i«i the top of the 






bodv, there l«*ing four of these^ stm[>H on each side and two at mch cmd of the CJir, each fosteni'tl 
to (he timliers by four j-in. l>o!ts placed 6 in. apart. Ik stdi's tbea<« stmiMi \ there nro three intusr 
ami ouUfr stmps r, c at t^ch angle of the rar, which are atwi lK>jt#Hl through os sliown ; iu»«l the top 
^ protecUid by a (lat Ur nifining all round, and fiu>U tu<l to the timUrs b 


It. the cemtre of .ts length, the l>oltoni of tin car is pl«c#*d 2 ft. 1 in. In low the main ilii>or level. 

n !! i c^mtiecUHl with these doom by au 

n,c incon hU four stdi*i*, the length of the ofoming oi, the floor lev«l Uing 12 ft. and the width 
ft tU 111 . The uichncd riortion of the Utban is of If. in. timUm, hold together by two etmpe, 
m. hy i m., running along It on each side, in the mi idle of the length of the incline, end at £e 
, os shown. At the bottotii of each portion ore the hinges by which the dmnii oiw 

- lose doom being each of them 1 ft. 5 in. wide, and when closed tlnry are held in s lioriw 


7 
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zontiil position bv means of cliains attached to the staples s, these chains passing round a shaft S' 
running aoross the car near the lii>or line, and having at one end a tootued wheel, gearing into 
another wheel, which is moved by a lover from the outsMe of the car. 

A cattle car of the Pennsylvania liailway, constructed to carry two tiers of sheep or swine, is 

20S7. 



shown in FigH *^085 to *^088. Fig. 2(lh5 is a half side eh-vation and half hnigitndinal section : Fig. 
208b all end elevation ; Fig. 20,s7 a cro^«i set tioii ; and Fig. 2o8S a half plan uf bottom framing, u 


4uart4<r fdaii of n«<if tin I a tpiurU r plan of interh^r t>f car. 

Tbe principal ihiaeiistous or ihU car are ns bdh»ws ; — 

ft. in. 

I^mgth over all 31 oj 

,, of Indtom fiaine 23 

,, of IsHly 28 0 

Width over all 3 0 

,, of lH.»lbmi frame .. 3 ‘Jj 

of hnly 3 0 

T<»Li 1 height alH>ve h vel of Hills 11 10* 

Height t>f N»dy at sidi^s OS 

„ to undVr side of middb' fl(r>t»r 3 2 

Hihlanee lw‘tw»>eii centres ot U gu- trucks 13 Tj 

„ from eml of frame to ventre of bogie truck f> li 

Whe el base of each Is^gic 410 


Tia» )M»tt4mi frame «»f this car iMtisisU of eight l<*iigitn«Umil timbt*rs A, arranged as sdiown in the 
I Ian, and ixmtMvleil at their ends ii» the ert>ss sill 11. The dimensions of the4^e timbers, together 
with th«» svsteiii of bracing adopti d, as alis> the crotoS fniiia'S over the trucks for ctirrying the upper 
turning pfates, are all very similar to, or identical with, those already deseriln^i for freight cara. 
Till' siutsi» and eiuls of this car ctnisist of a trusiKHl framing with o|H'n Inyarding, having a door 1> in 
the centre of the length of each side ; and the up|>cr floor is carrioil on cri>ss timU^rs supixirUxl in 
cast-iron bmekets whicli are fixed to the side iHMita. 

The weight of this car is about H) tons, awl its load aUmt 8 tons when crying pigs, or 7* tons 
when lcs»dt>d witli sheep; whtm ootisiruoted with a single door the load is, cattle 7J tons, pigs 
tons, and sheep aUmt 4 tons. . 

Figs. 2083 U> 2032 are of a tank csor which is usetl for the convevanw of petroleum m bulk; 
th€» exh^rual nppi^ ranee of this tank being similar to an ordinary cylindrical boil^. Fig. 2089 is 
a half side elevation and half longiiudiiml section ; Fig. 2030 an end elevation ; Fig. 2091 a cross 
tiem; and Fig. 2092 a half plan of tank and half plan of bottom framing. . - .i. 

The oil is j>umM into the Unk through the dome D,and discharged through an opening in the 
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bottom of the tank ; the said opening being cinsod by a valvo V, wliioh u placed iu a Biiitable 
Beating, and is operated by means of tiie rod A. 

The principal dimensions of this car are ; — 

ft. In. 

Length of bottom frame 28 10 

y, ,, ,, in&ide end sills .. .. 27 H 

„ of end sills 8 7 

„ over all 29 10 

Width over longitudinals B 4 10 

Height of handrail above running board . . . . 2 8 

Widtli of cast-iron brackets 0 4 

Length 2 8 

Depth „ 0 lOJ 

Diameter of tank ^ 4| 

Length „ 25 8 

Diameter of dome 3 8 

Height from bottom of tank to top of dome . . 8 1 

Total height alwvo level of rails 1*2 6 

Distance apart uf centres of U-^gie trucks .. .. 19 3 

The bottom framing of this car consists of two longitudinal timWrs L which are connected by 
the end sills S, and are further strengthened by the cr<^ tiiuliers C and tie-ro is T. To the outer 
siiles of the longitudinals h are bolted the cast-iron brackets B, which support the platform P 
surrounding the tank and also carry the handrail B, tiio outer ends of Uio brackets B being 
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truck T, and lialf through ono of the trucks T’ of n 8ixteon>whcel gun truck of the Pennsylvania 
Kailway. Tiio principal dimensions of tliis truck are as follows 

ft. In, 

Length of bottom frame 31 10 

,, inside end sills 30 2 

„ over all 33 0 

„ of end sills 9 0 

BUtanoe botwetm centres of bogies T 17 0 

Wheel base of eacli Ixigie T 11 3 

Distance between centres of bogies T' .. 7 2 

Wheel base of each liogie I’' 4 1 

Total wheel base 28 3 


The liottora frame of this truck consists of two outside timbers A, each 17 im deep by 6 in. wide, 
the depth being reduced hi aUmt 12 in. nt the ends; four central limbers B arranged in ])«iirs, 
each G in. by 5 in. : and two internuMliate timbers C, each G in. by 4 in.; the cross framing con- 
sistiiig of a central timl>er D, 8 in. by 10 in., and f«vcr tin? centre of each bogie truck two timbers 
E, each .5 in. by 10 in., and placed 10 in. apart, the frame being strengthened at these parts by 


2092. 



the bnveing hhown in Fig. 2097 ; an<l the whole ftumc is fnither strcngtheiiod and bound together 
by the longitudinal triishing and crons tic-rmN 'I'ln* frame is laid over with 3-in. close 
planking, and U»p <»f this are two side strips F, G in. by G in., and two emtre bl(K*ks (1, 
G in. by 12 in. 

This truck is carried on two cight-wheclivl bt*gitH, Figs. 299.‘> to2t>97, ea«di eom|'>osed of two of 
the four-whcelesl waggon trucks previously de»cribc«l, Figs. 2080 j to 2080c’; these two trucks eacli 



Iwar on Uie ends of a eom|H*nhoiiug frame, which is formed of two siilo jdates H, placed 3 ft. 8 in. 
simri, and oontiCMdod by the two liori/sontai end plates K, aud central plate T ; the latter forming 
the point of oonnociion between the bogie and the uiidexframc of the truck. 

In Figa 201m to 2100 bsliown a four* w heel ct^aldruelc which is usetl on the rennsyivnnia Railway; 
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thiB truck ia of very aniall (Hmonaioiis comimred with tho other frcigtit carS) and ia one of the few 
types of rolling stock carried on rigid wlieela, the wheels being fastened to a spring bi'am, inst^d 
of being connected to Uie botly of tho truck by springs in the usual way. Fig. 201^8 is a holf side 


2095. 




elevation and half longituiliiiat section: Fiif. a half tnd eh-vniion uni lialT co*9S sectiuii ; 

and Fig. 2100 a plan, half of the inter. or, and half of the fr.niimg. 


The principal diineriaions of tiii,« vva^-gon are; — 

it. )n. 

!.> imth of Ijf atom frame 12 0 

„ ovt r all l;i 0 

„ of bixly oiitj*jdt? 11 I) 

„ ,, in.Hid*' . 10 I 

Width out^^tk* i; I’.J 

„ irirtah* lOf 

„ of <lrop U>ttom *17 

li#‘plh of Ijnwly outsitle ri IJ 

„ ttiaule at c* litre I 10 

„ ,, hides and < nd.H 2 <» 

T>r»n:et« r of wheels . . 2 1* 

Whrel 5 0 

Wri^'ht of car t inpty, abait 4 t» i»7«. 


Th»* l#<atonj frvime etf lids wasrtron of two otiti'r loti;;itudinals A, 4 in. by 0 in., aud end 

eroc-h Ih !♦ in. by 1* in. Ilrtwi'en h»rigitudiii’^ils A, and U ft. 7 in. afsirt, are two other ljiOi.iriis 
C. in. by I ft. 2 in d# i p, the end.** of whteh are c.jt awa}, so that the main transverse sills rest 

ujM-n and are Ixdt^ d to them ; tie* re.ht of 
the cnrhi* framing con«inting<#f a tinds.'r U, 

4 in. by in., »tn tele d U twc< n the t|ro 
inner tnngitiidinal lj«aius, and placid 12 in. 
from the end transverM^ ^'ill.i, short longt- 
ludinal pn*<^s K cting the.-^;, a;* sliow n 
in the plan; r»ther short h ngths also cou> 
noct the outer and inner longitudinal silliif 
and to tbe end trarisverm.* sills IS timlaTS 
F, 4 in. by 9 in., are l>olt4^] ; tbi in.’ latter, 
however, atop short of the centre to allow 
rrtom for the draw*hia>ks ; the angles Ix^ing 
covf ret] with iron plates O, us sliown. The 
My c//t>o.<-tiiijf ttiMl ■treij^h. iiitig tlie •tnictute mnnUt tmneiMUlv of two rod* U, i 
,^^*^****'^:^^ ■ill*. Olid croM bolt* K botween ttio oiitor 1 . 111 I Itnwrr lonwlfttditMd*. 

In l»»e» «»«4 in podrout* P. which aro Attnehod to W iffiriDg 
bcanui B, placed cm each ride of tho cor. The length of the apring bcMn 8 te B a 44 in. ; It to own* 




thrm^li tho uhol** top tin r. I5y lhii» nrnuipMiiciil the uae of »priugs» U avt>i(lwl, and 

at tlie ^arll«« liiu#^ ttufUrit ut ehtHlieity ohtniiK**) for tiit* car. 

1 he l)M>(iiy of (ho i*nr in fnitiicMl on to four corner j>o«ts L, 4 in. by 5 in.» and four iiihTine<liate 
of»ort 31, 3 in. Iiy 3^ in., rakin;; X, of the same dimcn.Hiona, extending; from the foot of each 

'to 31 to the t4»t» of the ungle |Mt«tiji L, tind a mil (), 4 in. by 4^ in., running round the top 



of the iimly. Ihi cmdi aide four Udta K 1 i». in dianitder, i»aiw frt»iii the roil O through the outer 
longitudinal mUIm A. mid are bulk'd to them. The planking of the aides of the liody is 1 in. thicl^ 
and that of the botk>m If In. At a diakuioe of 2 ft. i> in. from the topof the body, the cor w sloped 
in ward* oo am to loavo a cUrnr apace in the middlo of the Udlom of the cor of .3 ft 7 in. by 2 ft S ni,, 
the method of framing tbi* lower pert of the body being oluerly ahown iu the figuroa. In the centre 
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of the IcrgUt of the tot a beam V, 4 Ju. hy 6 in., extend* across It, the iopof the beam proteoted by 
an iron plate. Prom tlie beam V pass down two rods t, which are bolt^i to the side of tlie hopper in 
the bodv ; end close to the drop dcxirs itre two 8trn|Mi, 3 in. by ^ in., which ero iMdtod at their ends to 
the inner longitudinals, and along their length to the ho|)|>er bottom. The doors, which axe hung in 


2100. 



the usual manner, nr*' siispt-ndetl by chaiim to a har X. running aerfHS tlie car, and actnaUxI 

by a jKiwl and ratt’het placttl (Uitside. Two bniii|>ers» Z, 18} in. ileep uutl in. wide, an* plttc«*d i»ii 
tach transverse sill. . 

— A h» nting af»pamtu,s, cuIUmI the Tht rinoxiplnm, which has been exien.sively 
ftilopteti by the lui.st»'rn Uailwny of France, nn»l which hns given |v«*rfeel satUf.M'tion in lU woiknig, 
is shown in detail in Fi;rs. 2101 to 2l(Mh and as IixmI to the oniria'^ts in Figs- I'.O'J to lOtil. This 
apftarntus c^»n^ists of a sfurdl rajst-iron Ualer H, which is IixmI on 
one side of the f’iirriagt* outside tiie Intrne, and i'* c*>niieeted to an 
arrang*! nu nt of pij**s and hcater.s which wi»rni the c'jirriage. This 
Ixdler Ik*.*s an mb rn d lire, the Udtom of the lin*place iK-ing rh»seil 
by a hiiiiTeil tin grate and the top by a cover fitted with a I op|w r 
A for the fiieh 'riie rhiiiiney c is led olf from the boiler <ibli«|»iely, 
a3 ^hown in Fig. ami traversss tiu* Innly of th<' carri*go 

l>#‘twe< n two ftf ihe com|«irtni«-iiis, as shovnn in t .«* pl.iii, Fig. UM>1. 

The l/*'iler IS eeat^*^! with felt, which is |•rr)t<•4.*te»l l^y a ^he♦ t-iron 
cubing I The water, le-atcd to al>ont 212 F., |Jiiss«.'S off from near 
the top of the U»iler to tw.> gttlvanized in»fi hr.tnrh pijx « /# /*, 

F'ig. 21^3, which dislrihiite it to the heaters II at the Isatoiii of the 
carriage, the pijNts /* // Isdng made with S b«tids to gi%'e tho 
neeesf^ary tlexdiihty, aitd to allow of « XpAiisJon afid nrintmetti ii. 

The he.it* r** or ** cliuullV* ties** II are of cast irem, and are rec4*iM*ed 
into the lh>or of tht? rarriage, mniway b<'twt'«n the acals, ns in 
Figi. VXtU arel ltn;i^ I^agi- the details of thcrir roiislriic- 

tion U-urg shown in Figs. 21**3 t*> 2103. Th<*.’*o “ chafifTretb s ** 

exteiid the full wifiih of the ls«ly, the hot water from the l.>oiler 
entering th* ra at oie* 4*nd A and # s* -aping at the olhi’f into the 
r<turn line* nf pij*4.H o, the (^>T)m*<*tions f»f which are shown in 
Fig, 21U3. 7*he return pifte^ eomiiitinicate with the !s*ttom of the 
U>iler, as showrn in Fig. 2101, the iii|H'S from the two ends of 
the carriage uniting iiib* a Single branch O. To ensure tho atdn. 

“ chaufl>etu*w *' U’liig clearcxl of air when the apfmmtus u tilled 
with water, €*ach has c.oinurrU?€l Ui its side a small pipe* % which tii 
carrio.**! up under the (bfljoinitig r4*ut, fig. 21or», and is th« n Ijc^tit 
over and e arned rlown timmgh the flm/r of the mrriage, iu ends 
being enlarged t¥* as to prevent tlif* pn>r; frrfin f«»rmittg a syphon. 

7'o ac<*oninKx!ate the ex|>ansicm of U»e waterr which takes pl«tC 0 
wlo ri it IS heutewl, ther^^ is i*rnvided imder one of tlie sc.*U of the 
central rom|mrtiiient a small tank 'F, Fig. 2103, which lyminiuntcates 
witii the line of pijjcss, the fioaiiiofi of the tank Is tng shown in 
Fig, 1132. I’he exciwa of water cattsod by the ex|iaii- 

Slow ri^ s up into this tank, and the latter Ijclng mmn to the atmosphere, through ihe pi|a> It i 
im|S)^ible for any cxc4*SiS**f pressure to occur in the boiler or syatmn of pifa-a. To etisiiff? ihe «s|ual 
' of the heat, th#.- Udier is plac*ed newr the cf*ntre of ihe rwrriago. One of tho piiaw y U 
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furniiibed at the end of tlie carriag^e with a funnel through which the boiler and pipes can be filled, 
a three-wuy cock being provided, and so arranged that, when tlie filling is completed, any water 
remaining in the funnel can bo run out, so as to prevent trouble from freezing. With this apparatus 
a temperature of about IB^^alxive the external teiiipr'rature can be maiittainod, that is, a temperature 
of from 4G° to i>0^ F., with the tliermometor in the ojK*n air standing at freezing ^loint ; the arrange- 
ment also mnintains a temperature of from 122^^ to 140^ F. umler the* feet. 'I’he lire of the heating 
apparatus can be attended to without opening the cjjrriag<j dof»r. The cost for fuel for warming a 
tiiml-clasB eairiage, such as Figs. lG5ii to lilCl, page 992, is stated to average only one halfpenny 
an hour. 




The apparatus tlciiigned by M. Rrgrxiy for lu ating foot-warmers, and which is enii>loyed at the 
prtnciiKil stations on the Eastern Kaihvay of France, is s)a>wn in Fig. 2197. The foot-warmers 
are licab d by iuuiUTHion in U»iling water, ex pt ri men ts made in 187G having shown tliat the water 
conbiined in a fo<it- wanner so iminerw^i is ruiM*«l from a temperature of 32' to 194'^ in five minutes. 
This apparatus consists, first, of a tank in whi<*h immersion of the fortt-vrarmers tikes place; and 
secondly, of the moebanical arrangement for efleeting thus immersion with ease and regularity. 



Tile tank T is 4 (t. 11 in. in dismcier, and 15 ft. 1 in. deep ; it i#» sunk below the surface of the 
ground, ami is eiicl«iei>d in a kind of well, which serviw to pn'vtct-i it from the pressure of the 
earth. This tiuik is fornuni of wrought iron, llic limn? rings of plaUis which ctmipose it being 
iwstHjriively *275 in., * 197 in., and * 1 18 in. thick. The top of the tank is closed by a cover, having 
in it opctiioM allow of the passage of the foot- warmers us th<‘y desoeml and asoend. The water 
III the tank T Is niainiaiiiixl at iKiiltng point by the injivUou of steam, this steam entering through 
n copper pipe A of I * 57 in. tniernal diameter T this niiie passes down to the bottom of the tank, and 
is tlicio aividtKl into two bmnchcHi u, each 1 in. in dtamcier, these bninchos being iierforaleil with a 
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lar^e nninber of small holes, a cock being provided on the pi])e A to regulate the admission of 
steam. Besides the stotmi pipe A, the tank is provided with two other pipes ; an overflow pipe at 
B to take away any excess of water, and another at O which Bervc^s to supply any water required to 
make up losses caused by evaix)nition, and by the water carried away by the emerging foot^warmers. 
The donkey pump, which supplies the boiler furnishing the stoaiii for heating the water in the 
tank Tf draws its supply from the said tank through the waste pipe B ; tlie excess of water caused 
by the condensation of *tlie steam used in heating is again fed back to tlio boiler, and the water 
thus tnivcls in a circuit, it only being necessary to supply to the tank such an amount of fresh 
water £is w ill make up for the hisses above reft rred to ; the cost of water for the operation of the 
apparatus is thus practically' niL 

The arrangeim nt for securing the regulsr immersion of the fooi-wnrmers consists of a pair of 
endless chains, which imss over a polygonal drum D, mounted on a framing fixed over the top of 


210S. 210V. 



the tank, and under another similar drum D\ at thf‘ Ixgtom of tin- tank. Karh chain consists of 
seventy -two the corres[x»i>diiig alternate links of the two chains being or by crossbum, 

which «>erve to maintain the chains at the pre^per disbtnce ami wlii<‘h also engage with cor- 

re.Hfitmdiirg tw-rh on the up(>er dnjrii, and thus enable tia- latter to inijiart moti<in projH'rly to the 
chains. The remaining alternate links of the two rhuins carry cagrn fcirr the rt<?eption of the 
f<^)t-wariiu rs h> U* heaUf<h thes<? cag«^ l>eiijg m slung to the links that they may always hang 
vertically. exct‘pt when int»-ntiorial!y diverte<l from this yxisition to rt'Ci ive niid dis^'harge the f<K*t- 
warxiiM^. 'J he lower drum under wbicli tho chains {»ass is m iiKriinh d that it is free* to move 
yertif4illy to some extent, it being, in fact, supjsirU-d by the chains, and it can thus accnmnaxlato 
its#'lf to the « x|(ansion at»d <y»ntri»cti<m of the Utter. The up|s-r drum is dri%'«n by gc'ariiig from 
tU* dofik* y pump which fw-ds the Uiihr supplying the st^^iani for In ating, the sja^-d ladiig so regu- 
lated that each fiKd-wamier U immersed for fi%e minutes, twenty-four foot- winners being ainmc-mid 



at onft time. Tbe eo^. is which the fuot-wanscni it, )m> hcet<«l an piaCMl. •» hone mi 

If * 5^** aiu rnate links of the etmin ; and on njLm levers B are mottnled. 

and at M » kind of guide is fixed, which ciigiig#-* the levers and tills the t age, so that the fooC 
o "-“Illy ‘f pine***! In them m they {mum thi« i«.i.t. At the imint <> nmr tlt« boUmn 
<1 rum, then i« a aecond »u»p which calciu-e fi|;atn«t llic ether end* of tlwi levem and tilt* the — — ■ 
alighUy, no a» to esaure that the euda of tbe leven, which ate towards ttw right, aball | - 
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the guide curve P, this curve ensarlng that the cages shall keep their proper positions, and not turn 
over and throw out the foot-warmers. Lastly, there is a guide provided at N, which engages with 
the ends of Die lever and reverses the cages, thus causing tlie foot-warmers to be thrown out on to 
n table, from wliich they arc removed by an attendant. 

Tiio total weight of the apparatus is 3 tons 12 cwt., the wedght of the tank alone being 1 ton 
10 cwt. : the cost, as given by the Eastern Railway Company, is as follows; — 

£ 

Construction of the well, and of the culvert in which the driving shaft is laid . . 56 
Construction of the apparatus pmper, with the driving gear and erection .. .. 120 

Total £176 


While, accor<ling to the experience of the ab'jve company, the cost of reheating each foot- warmer 
is almost exactly one halfpenny, this cost comprising all charges for the repairs and depreciation of 
the iippanitus. 

lly the usc» of this apparatus, the necessity of emptying and refilling the fijot- warmers in the 
manner fallowed in tins country is entirely avoided. The foot-wartnors are filled once for all, 
siifficient H|iacc l>eing l«*ft for the expansion of the water when heated, and securely closed ; and, as 
will have l>e<*n seen from the alKive di'seription, the e»)ld foot-warmers arc fdaced in the cages at M, 
they desiv'nd into the tank of Ijoiling water and rt*-asceiul to the dis^diarging f>olnt N, where they arc 
didiveretl proj>erly heated. The iittmerHi<}n lasts five minutes, and as there are twenty-four fisd- 
vrurnn*rs iinmers^fd at otM*e, it follows that th.^ e*»ges arrive at the charging point at intervals of 
twelve HCH*onds; and this iTiierval is found in pmetiee to be amply sufficient to allow of the 
cages ladng regularly filled. As tw<‘iity-four warmers pass through the apparatus every five 

ininules, it is Dins capiihle of heating foot-wurmers an hour, or 6912 a day of 


twenty-four hours, a nitc of working which is foijtid t/» l>c amply sufficient for supplying the trains 
fit thf^ stations where the appar.itns is in us4^ When tisc'd in connection with a boiler w'orked at 
56 lb. pressure, it is found that this Hp|>amtus eondtuisi^s als>ut4*4 ib of steam for each foot- 
w^armer heiiUsl to 19L F., am! a hoib r with 215 fsp ft. of surface is stated to l^e sufficient to 
k»-<‘P up the steam supply. In stcsidy work th»* steam supply reijnire I, according tothealxive figures. 


would Ik^ 2S8 X 4‘’1 rr 1267 '2 Ib. jier liour, oor^»*^lK>lldi!lg to an evajviration == 5*9 Ib. 


pTT s<p ft. ]M^r hour for a Uiiler with 215 s<p ft. <»f surfic • ; hut thi^ rate of eva{xiration is some- 
what t^»o high for ivonomy. and if the heatinir ap|MiraluK had to he vrorkiHl constantly, it would 
he pret'erahh* to provide a larger U»iler ; as, howi'ver. under the ordinary conditions of practice, the 
workifig of tlie nppanitii> in more or loss intermittent. aii<l as the wah r in the tank T or>ntaius a 
largf* n*!«4«rve of licit, a boiler of tiic |iro}Htrtions above given is found to lie sufficient. 



In Figs. 2168 to 2114 is illiistraUH.1 the ap|«arattis which is employtHl on the Paris, Lyons, and 
atusui Railway, for filling and healing hxH- warmers. With this appmtua the foot- 
am rolinalod io about 185 ' F. by the injeclioti €>f a jot of steam, which ia a much more 
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expeditious aud less laborious plan tiiau that of empty iug Uio foot- warmers and refilling^ them with 
hot water. 

The apparatus employetl at largfe stations consists of a healer, I'igr*** 2108 and 2109, formed of 
o pair of cast-iron stamlards S, bracotl togrethor at tiie top, ami OUlhI with a sliding: frame F, which 
can be raistni or lowc rt'd bv means of an arrangement of hand lovers providod for tliat pur^Hise. TJiis 
sliding frnino carries twenty hanging tubes p, arranged in five rows of four each, these tulnis being all 
connooteil l>y horizontal tubes w'hich place tiicm in communication witii a main C(*ntral tube T, 
which rises from the centre of the sliding frame, and works in a stuffing ls>x carried by the upfier 
crossbar of the fixed frame. By means of this sliding jtnnt, tlie inuiu pipe of the slitling frame 
is placcH-i in coinmuniciition with a casting C, in which two cix^ks are flxoil, one A 8<»rving for the 
supply of water, and the other B for the supply of steam. By this arrangtniicmt tlie twenty hanging 
pipes of the sliding frame can l>e inailo to disciiargi' either steam or water into jis many foot-warmers 
placed beiieatii them. Tho foot-warmers to Ik- filled or reheated are carried by a tricycle, which is 
shown se[»amtoly in Figs. *2110 to 211*2. Kach tricycle consists of a frame D, mounted on two 
carrying wheels with a guiile wheel in fnmt, this frame carrying a sheot-iroii ciisiiig K, divided into 
compartments c, for rcciiviug twtuitv foot-warmers W. The case K is mounUHl on trunnions so that 
it can be brought into tlio position shown by Fig. 2111 for the tHinvenient insertion or withdrawal 
of the foot-warinei^ and can Ikj turmxl up into the pixsition shown in Figs. 2 1 OS to *2110, to tmable tho 
warmers to be filled or lasted, a tatcli c being provided for keeping it in t itlier jKwition. The iuikIc 
of op<Tuting this apj.wiratu8 is as follows; — A tricycle having b<HUi h»aded with tw'enty-four ftwit- 
warmers. and tho screw-plugs of these warmers having Ihk-ii removed, it is run int^» position uiiilcr tho 
filling apparatus, as shown in Fig.s. •210v<t ami 2109. and the sliding frame being depressed, each 
pendent pipe enters into the c >rresiK>nding foot-wurmor. which can either Ui chargiHi with water, if 
empty, or the water in them can be ri-beattMl by the injection of steam. The pprK?e.H.s of reheating 
the water to a tem|K*rature of about 1JS.V’ F. takes fnun three to four iiiinutesj and one apparutus, 
such us 8h<'»wn, W'*rkiug in couuei'tion wdth a steam b »der h.iving alx>ut 2^0 8*\. ft. of iieating 
surface, will reht*at 210 tKd-warmers |H?r hour. When tb»r foot-wariners are Hutficienfly reheattHl, 
tho sliding frame with the pen<icnt pi{H» is raise 1, the tricycle with its lt»ad run out ot the way to 
make room for another, and tho screw-plugs uf the fiKd- warmers i\*placed, when Uicy art^ ready for 
delivery into the carriages. ... . . . , 

The arrange iiieiit adopU-d for secoTidarv stations. Figs. 21 13 and 2111, is similar in principlo 
to that already described; but in.-^tead of U ing tlesigned for reheating hK>t-warmers carried 

21U. 



in grrmfMi on tricycles, it is arrangcfl to deal with such wamicrs arratigorl tit a single row in a 
rack U, which fix#.**! their pfsiition with resjKjsct Ui the [smdeni pi^N^s p of the altding frame F. 
Fig. 2113 shows the apfiaratus with the sliding frame in its highest position, whilo Fig. 2114 
shows it in its lowc-st fiosition. E*ich jv^ndent pipe /» is fiiniislu’^l with a cock, as is also the case 
with the arningemcnt previously d^fscrtls^l, so that any numUr of pi|>es can Iws thn^wn out of use 
when d#?fdrt'fl. An apparatus of iti is ty|»e, workt-rl in c.onm.^iton with a steam boiler having about 
IGO «q. ft. of iK'ating surface, will reheat aliout IMl warmers an hour. 

Idle following tabic, showing the length of line ojiwti, the numbm* of locomotives, and vaHhtis 
claa^s of rolling stock poststssed by the pnncijw«l British railways, on the 31«t T>ce«tmber. 1879; 
together with the ccsii for rcfiainf and renewals from January 1st to Ihs^Himhcr Blst of the same 
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year ; is seleeted from the reports on railways published by the authority of the Board of Trade 
for the year 1879. 


Namb or OoirrAVT. 

I^nisth of 
Lino open 
Dec. 31, 
1S79. 

Locomo- 

tives. 

Carriagee 
uaed for 
the Con- 
▼oyanoc of 
Passenger! 
oniy. 

Other 
Vehtclea 
attached 
to Pas- 
eenger 
Trauu. 

Waggons of 
allkinda 
need for the 
oonveyanoe 
of Live 
Stock, MLn- 
ersls. or 
General 
Merchan- 
dise. 

Any other 
Carriages 
or Wag- 
gons used 
on the 
Ralleray, 
not In- 
cluded in 
the pre- 
cedlng 
columns. 

Total num- 
ber of Ve- 
hicles of all 
deecrlptlons 
for the con- 
veyance of 

Passengera 
Live Stock, 
Merchan- 
dise. Ballast, 
Ac. 


Miles. 

No. 

No. 

No. 

No. 

No. 

No. 

EngUtnd and Wales : — 








Bienon and Merthyr Tyd- 








vil Junction 

59 

37 

37 

6 

536 

21 


Cambrian 

180 

48 

95 

25 

1,416 


1,591 

Cheshire Lines Committee 

114 


222 

45 

1,119 


1,386 

Pestiniog 

u 

9 

61 

4 

1,110 


1,175 

Furness .. 

123 

113 

193 

83 

6,450 

60 

6,786 

Great Kastem 

938 

509 

1,561 

816 

10,955 

489 

13,821 

Great Northern 

717 

637 

1,406 

440 

15.406 

1,637 

18,889 

Great Western 

2.146 

1,550 

2,812 

1,448 

31.589 


37,539 

Isuicashire and Yorkshire 

473 

713 

1,826 

383 

18,534 


20,743 

I^ndoh and North-Western 

1 . 7:10 

2,217 

3,453 

1,855 

40,660 

3,935 

49.933 

London and South -Western 

719 

404 

1.534 

590 

6,104 

534 

8,768 

l.«ond<in. Brighton, and 








South Oxist 

351 

331 

1,672 

468 

6.034 

339 

8,513 

Ixmdoii. Chatham, and 

1 







Dover 

159 

162 

757 

155 

1,667 


: 2,681 

Manclu^ter, Bhcflield,and 







i 

Lincolnshire 

275 

425 

523 

241 

10.687 

217 

11,668 

Mary|>ort and Carlisle .. 

41 

25 

31 

15 

1,582 

9 

1,637 

MeLrot»nHtt%u .. 

16 

{ 44 

195 


19 


214 

Metrr>politan District .. 

11 

SO 

188 


19 


207 

Alidlaml 

1,329 

; 1»421 

2,413 

1,181 

31.903 


35,497 

North-Kasiom 

1,474 

i 1,304 

1,880 

709 



75,628 

North lx>ndon 

12 1 

86 : 

494 

92 

394 

178 

1,158 

North Htaffordshire . . 

195 

125 : 

241 

87 

4,961 


5,349 

6<iniersot and Dorset 

91 

1 38 

82 

38 

859 

35 

1,014 

South-lCastom 

334 

i 298 

1,481 

468 

4,285 

292 

6,526 

Taff Vale 

86 

1 110 

i 

124 

34 

2,349 

183 

2,690 

Scotian i 

i 

i 






Calcilonian 

851 

684 

1,198 

431 


636 

43,220 

Glasgow and South- West- 

1 







ern 

825 : 

280 

619 

205 

11,022 

304 

12,150 

Great North of Scotland 

286 I 

62 

200 

80 

2,029 

28 

2.337 

Highland 

402 

! 70 

203 

78 

2.324 

46 

2,651 

North British 

940 

1 511 

1,249 

434 

26,035 

152 

27,870 

Ireland : — 








Bedfast and Northern 








Countu^ 

151 

44 

126 

42 

1,117 

31 

1,316 

Dublin, Wieklow,andWex. 








ford 

135 

49 

185 

26 

699 


930 

Greitt Northern of Ireland 

494 

126 

273 

156 

2,705 

123 

3,257 

Great Southern and West- 








ern of Ireland 

478 

152 

272 

161 

8,037 

127 

3,597 

Midland Great Western of | 








Irvdand .. 

425 

98 

160 

128 

1,911 



Waterford and Limerick , 

210 

34 

68 

44 

742 


854 


In Fig. 2115 is shown a rertical cross section of Thninm nnd RothmuUer’s heating apparatus, 
which is vcrv largely adopto«i in Austria; and tiie niothotl for iixiug the ap|>ar}itu8 to the carriages 
Is shown in Ifiga 19^1 and 10C7, 

By means of yoriioa) nnd horisontal partitions, a kind of l>ox or casing is formed beneath 
the underframe of the carriage^ this casing containing, in the contre, the heating apparatus proper. 
This apfiaratus consists of a iiorisontal shi'et-iron cylinder G, with a door at one end, and contains 
a cage or grated box frur the fuel, this box having a cover of iron wire. The fuel employed 
eensisls of a mixture of charooal and ooko, and the air for sup|H>rting oombnstion enters through an 
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ash pan lireied to the bottom of the cylinder Q, the amount of air admitted being regulaM by 
adjustable slides. From the inner end of the cylinder G, the products of combustion are led off 
through a copper pipe P, which passes out through the wooden casing, aud is provided at its end 
with a kind of hood H, so constructed that the draught of air rushing ilirough the hood, when the 
carriage is in motion, produces a current in the pipe P, and thus create a draught through the 
apparatus. Over the cylinder G is placed a casing or mantle of sheet iron, of H shape, which is 
provided with a couple of branch nip^ or flues F, extending right and left to the bottom of tiie 
compartment ; boles admit the cola air 
from the carria^ to this casing, where 
it is warmed and returned to the carriage 
tlirongh the pipes above mentions. 

The heat radiating from the apparatus 
and the pipes warms the air cnmosed in 
the external casing, openings in the 
floor allowing this warmed air to ascend 
into Uie carriage. At the two sides of 
the apparatus are trumpet-mouthed 
tubes for collecting fresh air for admis- 
sion to the carriage, these tubes com- 
municating with a hollow protectiug 
partition which is placed directly over 
the combustion cylinder, so as to protect 
the underframe from the heat radiated by the main part of the apnaratns ; and the fresh air, heated 
by traversing this partition, is admitted to the carriage through suitable ventilators ; ventilators 
being also fixed near the ceiling of each compartment for the escape of the foul air, and for r^^- 
lating the temperature. 

Twenty pounds of the mixture of coke and charcoal is found to be suflBcicnt to maintain in a 
carriage, a temperature of 55® Fnhr. during a run of twelve hours, whatever may l>e the external 
tcmiterature, the appandus requiring no attention during the run. This apiwimtiis also affords 
gooa ventilation for the carriages, the temperature near the floor being always higher than near 
tlie roof. The arrangement and methorl of flxing this api»araius is such that access to the dmw 
springs, and the like, is reaiUly obtained. 

Liijhtimj Jiailtray Carruujes. — Pintsch's oil-gas apparatus is illu8trate<l in Figs. 2116 to 2118. 
This system of lighting is extensively employe*!. 

The oil-gas making apparatus consists of hanks of donble-story retorts, 10 in. in diameter, 
arranged os in the section Fig. 2118. The oil, which may be any cheap bydrocarl>on, is introduced 



2116 . ans. 



in a small stream from a minutely adjustable cock, attached to a small chileni A, one of ttnit e 
cisterns being placed over e^b pair of retorts, into a funtiel leading into an iron tray, wbiob luialiit 
the oil until it is evafmmted, and it then paascs through the lower rrtort, in which the moosas of 
volatilizathm is completed. The adoption of this meUiod of feeding in oil makes tlie lomoval 
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of the oil coke eeiy, preventB the cold oil from failing on to the hot iron of the retort, and permits 
the distillation of a larger quantity of oil than could be done in two separate retorts; and the 
arrangement moreover sooures a higher temperature for the final conversion of the oil vapour inlo 
gas, and prevents the formation of smoke. One set of four retorts will produce, according to the 
quality of the oil, from 3500 to 4000 cubic feet of gas in ten hours, or sufficient fSr one light for 
5000 hours, or if the retorts work continuously they produce enough for one light for 12,000 hours. 
The retorts are heated in the ordinary way by coke nres Ijoneath. From the retorts the gas passes 
through a short longtli of pipe, past a tar well, and thence to a x>orifier of simple construction, 
carrying trays of sawdust and lime, and on to a gas-holder or gasometer. From this gasometer the 
gas is pumped as required and compressed by compressing pumps, which force it into reservoirs at 
a pressure of about ten atmospheres, these reservoirs varying in number according to the number of 
carriages which it may be necessary to fill at any one time. The pumps employed for compressing 
the gas into the reservoirs do not act directly on the gas, but on oil which rises and falls with the 
motion of the pistons. From the reservoirs the gas is passed from stand pifies, fitted with small 
strong cocks and very strong indiarubber ho^ to the receivers placed under the frames of the 
railway carriages; and from these receivers it is led by stout }-in. pipes to the lamps in the roofs of 
the carriages. 

The receivers, of which one or two are fitted to each carriage according to the length of journeys 
h> Ixi maile, tlie length of the carriages, and the arrangement of the brake fittings, vary in diameter 
from 10 in. to 20 in., and in length from 5 ft. to 12 ft. These receivers must be well made and of 
the very best material, otherwise they l>ec<»me leaky under the constant vibration and jerking of the 
vehicle ; the plates vary from ^ in. to J in. in thickness, and are very carefully and slowly bent ; while 
in a4ldition to being carefully riveted and screwed, the end joints are afterwards soldered up and 
every rivet head and screw head soldered over, in order to secure a jK^rfectly ^s-tight vessel. 

At a systematically arranged filling station, filling posts are placid at a distance apart equal to 
about that of the centres of the carriages of the ordinary lengths. Although the gas is compressed 
in the reservoirs up to ten atmosfiheres pressure, it is <inly imssed into the carriage receptacles to a 
pressure of six atmospheric, as indicated by an attached gauge. 

Between the carriage receivers and the roof laiu^ is ]>laccil the ri^gulator, Fig. 2117, which 
constitutes one of tlio essential features of the whole design ; and through tliis regulator the w'holo 
of the gas has to pass befow reaching the lamx»8. This regulator conftists of a rast-imn vessel, 
alKHit 12 in. in diaiiaitor ami 6 in. in depth; the upjK.r fwirt being closed by a ineiuhrane of 
spfHdally pn^pared shec]>skin, to tlie centre of which is fastened a rod connected I at its lower end 
with the lever which coutmls the regulator valve ; this lever is also controll*'<l by a doublcdeaf 
spring acting in op|X¥ution to the membrane, and by this means the regulator valve is absolutely 
itulc[>eiidont of the movements of the carriage, so that the accidental extinction of the light never 
(ski's xiluce. The gas passes the valve, which is a<ijusted for a pressure* of onh’ that duo to a 
J^in, column of water, and when this pre^nro under the memhmne is roiichcd the valve is chisod, 
and the proc< ss of opening and closing is repeated until a balance betw*oen the admission and 
coDsiiiiiption is obtained. 

From the regulator a J-in, pipe carries the gas to the rt)of of the carriage, a cock lK*ing provided 
by which all the lights may be extinguisheii at once; but sexmraU* cocks are fixed to each burner, 
so that one or all may exUngiiisheil. No piiK*8 larger than J in. in internal diameter are 
emploved, and all are very tliick. The gas itself being very pure and permanent, no trouble has been 
exx>onenc^ by the clogging of the pi|M!S. Almost all the joints are made with small flanges, and 
DO running aiKTkc'ts are used, the joint being made by a combined lead and indiarubber ring squeezed 
liotween the flanges. 

The lamfis usi'd with this system. Fig. 211f», are somewhat similar to those used for the coal- 
gas lighU l>ut the glass globe is smaller ; the hole in the reflector is but a small slot, iustead of 
o round, funnel-shaiiecl chimney ; and the rofletdor is convex instead of concave, as i lsewhere nsed 
in lamps, and the fight is therefore much more cifoc'tually dU|)ersc'il. The bracket carrying 
the bumm* is hingexl at the unxKsr i>art, so that it may be iurntd up for cleaning the glass; while 
the glass liowls if broken can Iw replaotxl in a few minute's. 

As regards the cost of lighting with oil gas ; it was found by the London Metropolitan Railway Co, 
that the gas can Iw protUiccHi nt the rate of Kk*. 5Jt/. a 1000 ft., and that the consumx^tion a light an 
hour is 0*5083 of a cubic foot. The ivist of oil os conq>an>d wiili gas on this system is thus 
as 3 *65 to 1. A further great aourct' of saving which Islougs to the use of high-pressure ^s, arises 
from the length of time which each carriage supply will last. On the kletropolitan Railway it is 

_ _] to fill the eoul-gas receivers at the end of each journey ; the compresscil oil-gas receivers are 
only filled once a day ; the saving in labour, time, and leakage, from ibis difiercuce alone is 
Uioreforo very great. 

Figs. 2110 to 2125 relate to the apparatus designed by G. Wesiinghonso for lighting with 
gas; tiie apfiamius U'ing worked in connection with his brake. Fig. 2119 is a longitudinal section 
of a carriage), (lowing the (<*rm and size of the carburaiing reservoir, and the arnuigeinent of pipes 
and regulator; Fig. 2120 is a cows section of some; Figs. 2123, 2124 are cnlargt*d views of the 
rogubitor; Fig. 2122 a detail of the same; Fig. 2121 shows the lamp in the carriage with its 
connections: ami Fig. 2125 is an enlarge<l view of the lamp, half in section. 

The carbumtor/ ts a tube alxiut 6 in. in diameter and 12 ft. long, secured to the underframe of 
the carriage. At one end of the carbumtor is connected the regulator c, by which the admission of air 
to the carbumtor is controlhd, and upon Uio action of which the proper working of the apparatus 
depends. The air passes through the regulator c, oitiier from the main air pi|>o of the carriage, or 
from a small supplementary reservoir o, acoordinir to circumstances, and tmversee the oarburator 
/, which is filled with sawdust, cut Sfionge, felt, coke, or other suitable material, the wlmle being 
saturated with gnsoline or similar oil. The air passing into the oarburator under a suitoble pressure 
• at one end adYunoes between the intersUcos of the material, and becomes changed into a rich illumi- 
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Dating gas by tho time it reaches the other end of the oarbiirator, a pipe g from which conducts it 
to the points of consumption. 

The regulator or reducing valve c* which is to an enlarged scale in Figs, 2123 and 2124, is circular, 
and made in halves, bolted together so as to enclose a shallow circular chamber, which is divided 



into two parts by means of a leather diaphragm lie) tori between tbc flanges of the regulator. 
This diaphragm is reinforce#! by a circular brass plate, the two edges of which are turned up, so 
that the leather shall not be injured; in the centre of this bntiw disc is fastened a smatl stem 
pierced with a minute hole, so as to establish a communicaiton with Ijoth sides of the diaphmgnit 
and extended so as to enter a hole formed in the screwed stud, tho fMisitiou of which oao hi 
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regulated from the out^ido. At its outer end the hole in this stud is enlarged to form the seating 
for a valve riveted to a curved spring and shown in Fig. 2124. In one half of the regulator casing, 
and on the outer side is a socket, through which pusses the above-mentioned screwed stud, and is 
capable of compressing a spiral spring, which bears also against the centre portion of the diaphra^, 
or rather against a collar upon the stem ». On the other Jialf of the casing is a projection, to which 
is secured a cock o and small valve chamber. The opening controlled by the valve p is that com- 
inunicuting with the main air pipe, the other goes to the supplcmentarv reservoir a already 
referred to. A passage controlled by the cock, conn€x;t8 these passages with the chamber of the 
regulator ; and another opening is used for letting the air pass on to the carbnrator. 

It is customary, under ordinary circumstances, to draw the supply of air from the main pipe, and 
the supplementary reservoir is kept constantly full from the same source ; but if from any cause*, 
puch as putting on the brakes, the pressure in the pijje is reduced, the air passing from the reservoir 
instantly shuts the clack valve p of the branch Icai^ling to the main pipe, and the carbnrator 
continues to l*e furnished from the cylinder till pressure is once more restored in the main pipe, and 
the chock valve is reopened. The valve whicli serves to admit air in the regulator is shown uty, 
Fig. 212«S. It consists of a stem which passes through a gland in the body of the regulator, and 
touches the spring of the small safety valve, when the latter is forced down by means of its own 
snritig. The stem is reduced in section on two sides, so os to leave a peuss^tge for the air into the 
chamber 6. To adjust the regulator for working the air admission valve is sligittly opened by com- 
pressing the spring, which has the effect of forcing the valve on the stem slightly off its seat, 
and the sifconti valve is closed, and at the same time partly closing the air admission valve, air then 
flows through the passage in the stem to the other side of the diaphragm, and escapes through a 
small hole in the casing. It is evident that the amount of air passed into the carbnrator can be 
exactly r(*gulutod by the atnouiit of opening given to the admission valve, and adjusted by means 
of the outer screws. By closing the cock on the casing, the supply of air is shut off and the 
ap{>aratus ceases to act; a bip is also placoil on the ptf:^ loading from the carburetor to the lanips 
to shut off the suppiv if desired, and each of the lamps is furnished with a tap. Tl»e hemisphericul 
glass de|>eiuling within the cturriage, is hinged to the framework on one side, and fastened with a 
h>^k on the other, so that the gas can ho lighted with the utmost ftuility, and the laiu}>8 are 
not removed from their places. The top of the lamp forms a reflector, and distributes an even and 
very ample light through the carriage, which moreover leaves nothing to be desired in brilliancy 
and purity. 

The carburators may bo chargini to last for two weeks without renewal, and the opemtion 
of lighting is simply that of turning a tap and applying a match, considerable time and risk 
of breakage) and other damages are avoided. 

HANITAKY KNtilNKKRlXG. 

The methods which have Imh u projiose<l, or adopted, at various times, for getting rid of the excrete 
and other hotUMdiold and trade waste from a ccnninunitv are numcrmis. Of those we may eunmi rate 
burning, iniouinatic conveyance, deodorization anti dfisinfection by earth, and removal l*y water, 
each of which has its atlvantagis, but none of these* answer every requirement for the removal 
of town refuse effectually. Kvery one of these methods may, under cerUin circumstonees. bo 
utilized with advantage either se|ainitoly or ofwijointly with wttier carriage, but it will be found 
that the latter system, pru|K*rly ctirritxi out, is, where it can be atiopttxl, the l>cst adapted fitr the 
puriKMC. The works ncc«*ssary for the tlrainage of a town are the drainage of the surface, that of 
the suliaotl, and the removal of liquid and semi solid refuse. A dniin is a conduit, intended only for 
the under drainage of the soil, and is made |K>rotui and o{>cn at the joints, so as to draw in as much 
water as possible, its pur}>«)se being to draw out of the laud, througli which it losses, the water which 
is in that land, an<l, as far as capillary attraction and other circumstances will |>ermit, to thus 
remove the wetness cautad by it, A sc*w’er should have but one function to jierfonu, Umt of c(*n- 
veyjug sewage, and therefore should 1)0 thoroughly water-tight, so as not to either leak into or 
receive water from the sutToimding soil. In considering at hurge the question of draining a district 
the princifial |N.ditts to which attention should be direi'ted are, the gt^dogical and physical charac- 
teristics couipriscil within the urea to l)o dciili witii, the water supply and the rainfall ; with the 
pru|>ortion of the latter it is proj)osi?«l to di*Hl with by meuns of a sewer, tLc locality for the outfall, and 
the meUiiKl of treatment pnuKised for sewage, together with correct estimates of Ixdh the present 
nuiiibc*r of the |K>pulatiou and its pndmbh’ iiicrctisc. The district iiinst bi* carefully surveycil and 
the levels notixi, wdiilsi the same oj>eration should be conducUxl with such |K>rtions of the sur- 
rounding ueighUiurliocKl as are likely to affect tho plans. This is all tlu* more nt^cossary sin^* it 
frequently baiqiens that Imm its inculiar conformation tho district may be liable to dniiiiage fiom 
other artras which will nnitcriiilly afll'ct its own systoin. riuns siibmittod to the English L<x*al 
itovemment Board are iisiiully prc}«m*d acconling to the following instructums, which arc due to 
tlieir eminent cngintH^r, B. Kawlin»on. C.B. A gt*ncial plan exhibiting tho ureii which will Iks 
affecU^ by the pnqMiitaHl works, should l>o laid down to a scale of not less Umu 2 ft to a niilo. It 
should have tigunKl u)Km It the Icvtds of tho centres of all streets and roads at their intersections 
and angliKi, and at every change of incUtiaiton. Where a district is near the sea it should show the 
high and low tide level of tho soa, and where then> is a river, the summer and AckkI wator levels 
should W rocrtfded. IVnuiinent lH*nch -marks, having reference to the surface ievel:S should be cut 
on public biiiidinga throughout the district, and also be markcHl on the plan. Sections should 
acootn|:iativ this plan, U|]K>n which tho levels of tlie cellars sliould be shown. 8uch a plan might be 
umnl for showing Uu(*s of main sewers and drains, lines of water pi^x's and g^-maiiia The lines 
main sowers and dmlns should have the cross sectional diiuensiuus and gradients distinctly marked 
upon them. The dimensions of water and gus pijws slnaild also be shown in figures or by writing. 
A detailed plan for tho pttr|iosos of house drainage, paving, or the sale and putohaae of pn>wrty, 
should bo cousiructoil ton scale of not less than 10 ft. to a luilo. Upon this plan should be exhibiU*d 
oil houses and otheur buildings, beuch-inurkSi tho levels of streets and roads, of cellars, as well as the 



1062 


SANITABY ENGINBEBINO. 


water levels previously mentioned. Three ft. by 2 ft. will bo a convenient size for the sheets of this 
plan, and by representing the marginal lines of the sheets upon the general plan, this will become 
a very useful index. As it may oocasioually be desired to oarry out works pieoeineal. with a view to 
save the time wliioh would be ocoupied in the preparation of a complete plan from actual survey, it 
will be sufficient, in the first instinoe, to fiimish a general plan of streets and roads only, with Uie 
surface levels, and those of the deepest ctdlars, and the pro|x>sod scheme of works shown therer>n, 
after which the works can proceed in sections : but with each separate applicatiou for sanction to a 
loan, a correct plan and section or sections should bo submitted, acoom]>anied by detailed estimati^ 
and 8{)ecificatiou8. Plans of such schemes when submitted U> ilio proper authorities, should bo 
prepand to a scale of not less than 4 in. to the mile. Sections of the works should liave a horizontal 
scale similar to tliat of the plan, with a vertical scale of at least 1 in. to 100 ft., and should any 
alterations be proposed in tlie water level of a canal, or in the level or rate of inidination of any public 
road or railway, cross sections must also be provided, having a minimum cress section of 1 in. to 
every 33 ft. an j a vertical scale of 1 in. to every 40 ft. 

Towns vary in character of site, as also in form of the surface contour, and, consotiuontly, retjuiro 
differing modes of treatment in main sewering to mss subsoil, surfiice, and sewage waters safely. 
8i»nie towns, as Porlsuionth and Hull, situated on tne margins of tidal estuaries, are, for the most 
part, low and flat, whilst other towns, like Brighton, Liverpool, and Sunderlun<l, though also 
situate on tlie sea, or on shores of estuaric^ have steep gradients;, from which the water falling 
during heavy rains is accumulated aud rapidly precipitate^, to the destruction of ilie sewer invert^ 
by the extra scour and wear. Kach area, theretbre, requires special consideration, so as, in devising 
systems for nmin sewering, to enable the engineer to adopt such forms of works as shall facilitate 
the due and safe discharge of sewage, w’ith the least injury to Uic sewers and to the inhubiiuiits. 

The admission or rejection of the rainfall from a system of sewers, de|>etuls entirely upon Icxnil 
circumstances. Particulars as to the quantity of rainfall likely to occur in a given locality, and 
other matters relating to the subject, have liecn already detailed at p. llO.'Vn of tins Diotioimry. 

In addition it may be fairly estimated that the sewers should provide for removing of rain fall 
an hour. 


IihIm’S In ik'plb. 

From roofs *5 

„ flagged surfaces *2 

„ |»iived ,, .. .. .. •• .. •• ». .. 1 

„ gravel „ clay subsoil '05 

„ „ „ gravel or chalk ditto *01 

„ meadows or grass plots *02 


In the open country, where the soil is loose and jKTnieable, abrmt one-tbird only of the rainfall 
finds its way into the watercourses, the remaining twcHthinls Wing ahsorbe^l or evai>omte«l. 

In ordinary country towns, de|H«nding on the extent of the suburtm and the state of the fiave- 
ments from one-fourth to one-third of the rainfall due to a given |»erio*l, Hhonld U* provided to l>o 
remove'd b)' the sewers within one hour after it cetisis. In largo well-j»avetl cities one balf of the 
quantity may W assumed as passing into the sewers within the same time. 

Of stowage, the engineer should pr«>vide for removing 5 cubic fe<'t a head of men, women, and 
children in 24 hours, uue-iialf to calcu]ate<l as ijassing off in alxnit t« hours. The total quantity 
to Im‘ removed should never be estimated at less that the water supply. 

The aiuouiit of scjlid matter in town sewage where tlio water sujqdy is aburnlunt, varies from 1 
imrt in o()0 to 1 |iart in 

As regards the number of the population to be provided for. in old and wdtbd ootintries this is 
not a difficult matter, since the census returns are generally ac<.*essible and fairly accurate. In 
Kngland the fir»pulatiou may Ijc readily estimated by ascertaining the nniijlK*r of inhabite*! Iiouiic^, 
and multipl>ing this by thc^ average number of inbabitiints who were found to dwell in c^ch hmise 
at the last census. This may also be approximately arrived at by esliniuitng that six fiersons 
inhabit rwdi houses 

To determine accunitely thii size and inclination of the common sewers it may l»r* iiitende<l to 
construct, it is nect'ssary to have refcrciH'e h» the amount of foreign water and isdiil matt4*r which 
will be brought into them in addition to the quantity ami the cliaracter of the sewage pro|H»r. A 
velocity of tX) ft. a minute will Uj sufficient for the discharge of clear sc'Wap* elrstdy approxitiinting 
to the eh.'imetcr of water, and sewage straim^l of its c<sir«er {mritcles will Imw without de|iosit with 
a vedocity of ft. a minute. Onliiiary w wage rc^|iiires a mean %*ebs‘ity of 150 ft. a minute. Wick- 
steed^s exfM'rirneiits showe<l that a mean velocity of 1374 ft. a minute wf»nld siiffie<‘ tor Uie removal 
ol he;ivy sewage matter when the sower was ninriing full or half full, but it is iicceasary te have a 
velocity in large la w ers of 2 miles an hour, or 17*J ft. a miiiuto, when running thri'e <{itarfers full, 
lf>5 ft. when running half full, and 140 It. a iiiiniite when rutiiung orM -thini full. Iteardmoro laid 
it down in his ‘ Manual of liydndogy,’ that the following bdtoin velociiica liavc the cffoct stated on 
the diflereiit matiTiais f»articulanzed : — 


tlf) ft a minute will not distiirV> clay with sand ami stoncra. 

40 „ ,, will move along cviarse satid. 

„ fine gravel. siziT of |s as. 

»i fv rournh^l |>ebbles, 1 in, diarmder. 

M ft angular stenes, Jjl in. diameter. 


Itettom veh^ily, which im|>ari8 the greater motion, differs from mean vidociiy in the ratio of 
mmi 75 to ho-- say 'HO to 1— or four-iiftlis. 7’he grt*au^st discharge from a circular (*«mditH is 
when It ito not quite full, that is, when rather ladter limn lirte*iii*aixteenlhs full, and the grealewi 
velocity when it is thiri# en* six teen ths full. 

A *2dt. st'wer, if discharging clear sewage with a vtdfjcily of GO A. a minute, would foqitiro w ftdl 



BANITABY ENOINEEBINa 


1068 


of mtber more than 1 foot a mile; if disobarging Btrained sewage with ayelocitTof 90 ft. a minntey 
2i ft. a mile ; and if discharging ordinary unscreened sewage with a velocity of 150 ft. a minute, a 
fall or inclination of 7} ft. a mile. 

Table 1. gives the velocities of water flowing through and the Quantity discharged from 
circular pipes or culverts a minute when laid at different inclinations, and running half and three- 
quarters full. 

This Table is calculated flrom Boardmore’s formula, which has been found to be very reliable : 

V =55ii/ja x2H: 

B s hydraulic mean depth in ft. 

H = Ml in feet a mile. 

V = velocity in feet a minute. 


It may be desirable here to give thO formula) of the four different foreign authorities principally 
recognised. 

Du Bunt’s formula reduced to English measure * 


807(a/K-O1) 

^ + 1-6) 




V = velocity in inohes a wicond. 

R = hydraulic mean deptl) = t diameter in inches. 

8 =: slope or difference of level. 

L = hyperlx>lic logarithm, and found by multiplying the common logarithm by 2*3026. 
In the following formuhe English feet are employed ; — 


V being the velocity a second. 

D ,, diameter 1 

11 ,, head or pressure > of the pipe. 

Lt „ length I 


Prony’s simple formula : — 

V=48 449 

Eytelwcin’s formnla, as given by Trodgold ; — 


Fonoolot’s formula : 


v-«K\/(LTirD)) 


The quantities afforded by these formula) were tested by actual disoharges and tho results as 
tested by At iirmy, are detailed in Table IL The calouiatcd discharges are given by Du Buat, Prony, 
Kyielwein, and Poncelot resjKJctively. 

Tadle I. — DiscnABGE OF Bewers. 
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The «ree of an egg-ahaped aewer is foand aoourately by squaring the radius of the top, and 
multiplying this by 4*6. 

To find the sectional area of the brickwork, inclusive of the invert, the following formulss, as 
well as table, have been worked out by Henry Hobson ; — 

Let S = equal the scx^tioual area, and let i the thickness of the brickwork. 

. ft _ 0*-wr* , ol(Sr + 0*0_(^r^l 

* 2 - \ 2 2/ 




= |(2r« + o + e(er< + f») + (|-e) .(rt + o 


= »«• + r« 


/3» 


S X 


» X 30-87 
180 


= » / |« + (»-X 2-52416) I 

= 3 H159 X < {<+ (r X 2-5241C)} • (a) 

The eeotional area thas fonnd, 'when expresMd in aquoro yards, will give the number of cubio 
yards of brickwork in the sewer a lineal yard. 

The sectional area of the invert a 6 may be found separately, tlius : 


s={(|+,)’a-»))-(o‘'G->) 

=fri+o ( 1 - 9 ) 


4 I /53*13 X ir\ 

= <’■‘ + ‘*>•(-150-) 

) X *3273 nearly. ('>) 

The soclional area thus found, when expressed in square yards, will give the number of cubic 
yards of brickwork in the invert a lineal yard. 

Table II. is inlendeil to show the results of the fonnuulfe, whilst it gives Ibo mctional areas 
of all sizes of fgs;“shaf>ed sc*wer8 likely to be constnirt# d. Ko opinion is expresst d titber as 
to the limits of size above or below which it may be advisablr to eoiistruct sewers Itaving an egg- 
shufved crosc<-si‘ction, or as to the thickness of brickwork stiilable; it will be seen that extreme cums 
ha\t‘ been includ(><h 

The cubic contents of the brickwork have been caleulnU'd from (o), and include the invert. 
The cubic contents of the inverts alone may lx? found fir*m (6) and deducted from Uie amounts 
gi%*en in the Table if it lx? desirable U> do so in any |iartieular iiux?. 

The areas and quantities have been computed to the nearest decimal. 


Table II. — Bectiokal Areas of Ecg-siiafed Bewicrb. 


R 

! IHmefukfO 
of Sevi CT 
iu ixvdiea. 

Artm of 
Sewer la 
•q. ft. 

Brickwork In ctib. yenle a jar4 ran. 

4|*Wurk. S'WVrk. ; 1 X 4 " Wwtk. 

C'' 

12 X 18 

1*150 

•214 

•527 


7 

14 X 21 

i*5#;5 

•242 

•582 


8 

IG X 24 

2*fM4 

*269 

• 6:57 


0 

18 X 27 

2-587 

•297 

(m 


10 

20 X 30 

3*n>4 

•324 

•747 


11 

22 X 33 

3-865 

•352 

•802 


12 

24 X 3G 

4*600 

*379 

*857 


13 

26 X 39 

5*400 

•407 

•912 


14 

28 X 42 

6*261 

•434 

•967 


15 

30 X 45 

7*187 

•402 

1022 


16 

32 X 48 

8*178 

*490 

1*077 


17 

34 X 51 

9*232 

•517 

1*132 


18 

36 X 54 

10*350 

•545 

1*188 


19 

38 X 57 

11*532 

•572 

1*243 


20 

40 X 60 

12*778 

*600 

1*298 

8 094 


42 X 63 

14*087 


1*353 


! 22 

44 X 66 

15*461 


1*408 

2-250 
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Table III., relating to egg-shaped sowers, by J. T. Hurst, and given in his Pocket-brok, sbow^s 
the diseharge in cubic feet a second when the diameier of the larger circle G and t he in clination 

are given, the sewer flowing two-thirds full, calculated from the formula^ 2 = 35 \/ d®/, d being 

the diameter G in feet. Five-sevenths of the quantity given in this Table will equal the discharge 
from cylindrical pipes of the same diameter when flowing two-thirds full. 


Table III. — Dischabob of eoo-bhaped Sewers. 
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House drains leading from wator-olosets shonld be 6 in. diameter, and laid with a fall of not 
less than 1 in. in 10 ft, and where possible 1 in. in 5 fL Branch drains from sinks may be 4 in. 
diameter, with a fall of 1 in. in 6 ft 

A velocity of about 3 ft. a second is required to keep house drains clear and 2 ft. a second for 
main sewers. Tliese velocities should bo increased for small pipes, say, for house drains under 
6 in. diameter, and for mains under 12 in. diameter. 

Table lY. shows the fall to be given to cylindrical sewers flowing one-half full to ensure those 
velocities. 

Table IV. — Fall for Ctlindrioal Sewers. 

I>tauieter j Velocity Velocity jl Diameter Velocity Velocity 

of Sewer. < 3 ft. a second, 3 ft a second. f| of Sewer. 2 ft. u second. 3 ft. a secoiKl. 

< t . . . ■ - .. ■ . ■ 

4 1 1 in 200 1 in 100 15 1 in 700 1 in 350 

6 ! 1 in 300 [ 1 in 150 18 1 in 900 1 in 450 

9 I 1 in 450 t 1 in 225 ' 24 1 in 1200 1 in 000 

12 ! 1 in 600 I 1 in 300 30 1 in 1400 | 1 in 700 

Except where sewage is used for irri^iton, all rain water should, as a rule, be allowed to pass off 
by the sewers, for the purpose of flushing them. 

The formula used for calculating tiie size of open channels and pipes for water supply applies 
also to sewers, except that the latter are uanally taken as flowing from one-half to two-thirds full. 
In which case the valoe of R must be found by dividing the area of the transverse section of the 
part fllliKl by the girth of the bottom and sides which are in oontaot witli the sewage. In 
eylindrieal pipes, flowing one-half full, B = one-fourth of the diameter, the stimo as for pipes entirely 
filletl ; when the sectional area of the sewage is two-thirds that of the pipe, R =: diameter x 292 ; and 
when three-fonrtlis, R = diameter x 296. 

For egi^-shaped sewers, of which the conjugate diameter is 1} time the transverso diameter, 
when flowing about two-thirds full, the following formula may be used. 

V = 15*8 

Q= 11-56 Vd* S. 

d being the transverse diameter in inches. 

Other forms of sewer may be calculated by the formula) for open channels. 

The natural drtiinage contours of a district are usually l>est adapte^l for the main lines of sewers 
and the same levels will also give the lines in which storm water overflows will have* b) Ik) constructed. 
Ordinary sewers are usually laid in straight lines, and a manhole arrangt^d wherever a lateral 
deviation oocurs, whilst hmip boles or ventilab>rs are rt'M|uisite at every jK>tnt where the sewers 
deviate vertically, which are subject to a ebango of grailieut 

Figs. 2126 to 2146 afford illustrations of these arrangements. 

The materials use<l for sewers consist of bricks laid in cement or hydraulic lime mortar, stone- 
ware pipc'S, and concrete, used separately, or in conjunction with bricks and piiK^s. Iron also is 
used wJiere the sewer has to Ije taken through unsound ground, under rivers, auu in spoctal cases 
through clo«»ely inhabited districts. 

In the construction of brick sewers bricks of the best quality shoultl Ite nsir^l. Tlu^ need 
not uecehsarily Ik) radiated brickK, but they should be well burnt and well sha{>ed, and fKisMWS 
adhesive (|uaUties; for although the pressuivof the outer etirtb o|Mm the s«*wer may U? greaWr than 
the internal pressure of the S4‘wage outwards when the sewers is full, it is not the less ncoesaary 
that the cement or hydraulic lime mortar in which the bricks are laid should adhere to the briclm 
where a water-tight c«»nditii>n of s<*wer is a |)aramouiit obji*ct. lll-bumt ami a«>ft bricks should be 
most stringently rcjeetc<l. Rough bricks, even if well shajM^d and well burnt, should not be used 
for the internal lining of sewers, ns the susf>ended mattera of the sewage will cling to them, and 
ultimately cr»at tin ni with putrescible substancea The I>mdou stock brick forms a very ^md 
sample of a suitable brick for sewers. Borne engineers prefer the Gault brick, but tliou^ it 
poss< sses a comparatively smooth surface, and th(.*refore can be advautagt^usly uscsl for the inner 
lining, its lack of adhesivenewi dcies not recommend it, Tlie bine Htaffordshire bricks and fireday 
bricks ghized on one CMlge, fonn HU|>erior in%'erls, ami being v<*ry bard, strong, and stitooib, wiu 
resist erosion. They are to be preferwd Ut the glazed invert blocks, wbicli have Iweii much recom- 
mended by arnne pt^rsons. Figs. 2149. 2 Dj 0, 2163 are various sections of brick scwfsrs. 

The otment ot lime used for the mort<»r in the building of brick sewers should be selected with 
great care. The former sboubi be Portland cement weighing from 110 1b. to 1 12 lb. to the striked 
bushel, and it should be used in the profiorthm of 1 f»f oc’ment to 1 of clean washed sand. If 
lime he used at all, it should 1^ the Ijest hydraulic or hlu*? lias lime. Roman cement, which sets 
more quickly than Portland cement, may b<; usefully applied as an inside rendering. There is 
nothing connected with the oonsimctifjfn of brick iwrwcrs of more consequence than the mixing of 
cither cement or lime mortar, and when promtrly mixed it should be used iiumediately. 

If tlie sewer is constructed bt low the oiaina^ level of subsoil water, ttie utmost car© is required 
to keep the work in liand aliove water by pumping until the ccmcot or Hme him become set. 

None but the best-formed and burnt stone or earth€*tiwsre pipes ought to be used for sewets of 
any size. Btoneware pipes arc to be {zreferred to tlioso tiuide of fireclay, though If the latter are 
weli made and wt4l burnt they are very suitable. 

The thickness of fireclay pipes should be greater than tliat of the beat stonewaiu. ^ilh the 
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lattor, the thiokneBS should never be less than one -twelfth of the internal diameter. In the smaller 
sises this proportion must be increased. A 4-in. pipe, for instance, should be at least half an inch 
thick, while a good 18-iu. pii^ need not be more than 1^ in. thick. The depth of the socket should 
increase with the diamoter of the pipe, nothing less than 1} in. being sufficient in the smaller pipes* 
and something more than 2 in. being desirable when the diameter exceeds 12 inches. 

In laying both tlie stoneware and the earthenware pipes, the joints should in all cases be 
caulked and tarred with gaskin, and laid and finished with cement, or in some cases clay, in order 
tliat they may be water-tight. If the cement or clay cracks, which it may do, the gaskin may pre- 
serve the water-tight condition of the joint, and is very effective in excluding sand, even if subsoil 
water should jienetrato. Great care is necessary to prevent the pipes moving before tlie cement has 
become perfectly set. 

Although the preferable joint may be made of tarred gaskin and cement, many engineers con- 
sider that if the jointing is carefully performed, puddled clay is all-sufficient for the purpose ; that 
eminent authority, J. Bailev Denton, is however of opinion that this material cannot be depended 
upon. Wlien the soil is either always drv, or at one time comparatively dry and at another wet, 
and such conditions of soil, it should be ^rne in mind, invariably prevail to some extent in the 
sites of all towns, clay is the worst jointing material that can be us^ In winter the subsoil water 
rising ill the ground will probably keep the soil surrounding the sewers moist and the clay puddle 
in a state of expansion, while in summer the reverse condition will prevail ; the subsoil water will 
then sink from the effects of evaporation, the soil will become dry to the invert of the sewer, and 
the clay puddle will contract and let the sewage out of the sewer. When once this natural result 
has been proiluced, all chance of a water-tight condition recurring will be destroyed. If a sewer is 
jointed witli clay uuddle at no greater depth than 5 ft. from the surface, it must inevitab^ be leaky. 

Particulars relating to earthenware pipes have already been given at p. 2656 of this Dictionary. 
W4tli regard to l>est Portland cement, pipes made of this material are about the same expense 
as the best earthenware. The smaller arc rather more expensive than earthenware pipes of 
the same size. Th(.^y have, however, some advantage not possessed by pipes that have b^n sub- 
j<K*teil to gresat heat in the course of manufacture, that is, &ey are periectly true in section. The 
pipes are made of one part of lx»st Portland cement to three parts of prepared ballast, with only 
sufficient water to effect the proper admixture, and subsequently mechanical means are adopted for 
filling the wrought-iron moulds, which sccurcis the complete” filling of the moulds without the 
prc^moc of air holes. After the pipes have been thus prepared they are submerged in a bath of 
silicate of soda. By this means any free lime or alumina would thus form insoluble compounds of 
silicates of lime or alumina. In the jointing of a cement pipe with cement, there is a considerable 
advantage ; a simple ogee reliatod joint in a cement pipe wlien luted with neat cement requires a 
very considerable force to draw the pipes asunder, and answers every purpose. The material of 
w’hich a cement pipe is made is by no means brittle, as a blow that would shiver an ordinaiy 
oartheiiwarc^ pipe w<»uld simply drive a hole into a silieated concrete pipt». A concrete pipe is 
capublo of withstanding the jars arising fn>m heavy traffic over the streets even better than an 
earthenware pi)x% but its value very much de|iends u|x>u the intelligence and care with which the 
concrete is nianipulutoil. 

When laying pijHi st^wers, to be jointed either with cement or clay, care should be taken to 
hollow out the U>ttoni of the trench at each joint, so that the full length of the pipe between joint 
and joint nmy have a perfect bearing on solitl earth. Much depends upon the laying of the pij>e8 
ill true pK^ition. Wherever the size of the pipe will of it, a man or boy should l>e employed 

inside the pipes as they are being laid, to make good, with some of the best of the jointing material, 
the iiisitb* of the joint. 

If then* is any doubt nl)out the efficiency of the tarretl gaskin and cement to form a perfect joiat, 
a band of concrete must V>e roaorted to as an aihlitional precaution. 

In Kip*. 2147, 2148, illustrations are given of sewers TormcHl of a ring of 4J-in. brickwork 
Miirnutiidcil by concrete. Ihillast of a very cieau description, and cement of the b^t qaalitv, well 
tiiixeil in the proportion of S of Wlliist to 1 of cement, and quickly useti, W’ill give a very fair 
n^ult ; though where there is any doubt as to the quality of the constituents, the propr>rtions may 
l)e advantageously altenxl to 7 or 6 to 1. The coni}K>sition may also consist of mortar, inaile 
in the projiorlioii of It of sand to 1 of gocnl hydraulic lime, mixed with the sumo bulk of shingle 
i>r waslnsl gmvel. Whtm pre|»areil, it shouhl be rainmt'd into form while in a wet condition, and it 
is Udier !<» use the concrc^te in ttHj w*et rather than in ie4> dry a state. 

There will seldom be a si^wtige work, however small, in winch iron pipes will not be useil in fuimo 
parts of the works, either in crossing under rivers, or from one side of a valley to the other, or in 
{Hissing through unsound gn>uinl,or in other 8|>ecial oases. To st'curo the rt*<|ui8ito thickness of iron 
pi|ics for any s|H'cial purpose, it is desirable to make a libenil allt>wrunce for possible defecto, and 
all pi|K*s sliotild testel Indore use by hydraulie pnasure. It has l>cen laid down that the resistance 
which a pijH* offers to the inicnial pressuro tending to burst it, is equal to the c^>hesive strength of 
its two itdi^, and the effiKdive area of pressure is the internal diameter of the piix*, and some very 
useful data upon this subject have already been given in this Diotbmary. 

Wroiight-iron iulies art* very useful for spH^ial crossings where a ginler form of construction can 
be adopted, such as, for instance, when crossing rivers when' sup)>orttug piers would Ixt objeciiotiable. 

One method of CTossitig a river is to stip|iort the tulie by brick piers and cx>ncrete; the tube 
being whollv surrotindisi by concrete in its lixl under the river. Ikdween Uie flanges of the tube 
vuleunisod ttKliarubVier washers throe-elghtlis of au inch iliiok are placed, and these are screwed 
together by five-eighths Ixdts and nuts. 

Two other means of emssitfk under rivers by iron pifies, arc by tubing in a straight line (xom 
chamber to cliamlier, and by a defii'otion. In the latter case, a chain may l>o plaeisd inside whicli 
may at any time be drawn buf^kwartls and ftirsrards so ns to stir and in motion any oeiUiuentary 
subitiinocsi which might iHostbly depieit tlieumulves and adhere to the pipes. 
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There have been objeetions raised firom time to time to the taking of sewers under rirers by 
inyertod syphons or deflected pipes, but they have been advanoed more from prejudice than from 
positive experience. In many important towns, in this and other countries, sewage has been taken 
by these means from one side of a river to the other without difficulty. 

The following brief memoranda as to materials is due to R. Rawltnson : — 

The bricks to be used in sewer construction should be well burned and sound. For circular 
and egg-shaped sewers the bricks should be 8|>ecially moulded to suit the radius lines the beds must 
take iu the work. All bricks should be thoroughly wetted before use. 

Mortar for sower works in all cases should be capable of setting in water. Portland cement and 
lias limes make good hydraulic mortar. The proportions of cement, or of lime to sand, should 
not exceed 2) of clean shiurp sand to 1 bv measure of ground Portland cement or lias lime. If 
clean furnace ashes or slag are available, there may bo 2 of sand and i of ashes or slag, the whole 
to be mixed in a revolving pan, each panful to have 20 minutes’ grinding. 

Concrete should be made with Portland cement, with lias lime, or with other equally good 
hydraulic lime, in the proportions as under. 

For the best concrete, out of vrhich to mould manhole inverts or to form sewers, lot the propor- 
tions be 5 of gravel and sand to 1 of fresh cement or lime by measure. 

For foundiatious, backing to side walls, and coverings to arch spandrils, the proportions may bo 
7 of gravel and sand to 1 of fresh cement or lime by measure. 


2138 . 2127 . 



212 ». 


Concrete for filling In tr< nc1iG8 over aewent nn.l dmina, or where roqnlrod in Urge tnsanoe for 
foumlatioiia, may bo made with 9 of gravel and wand to I of freah oemeut or lime by nioaaure. 

I he gmv, l may he aulxitituted or be mix«-d aitb broken atone, broken tilea, or broken brieka. 
tee largcat iKirtiona l>e ca|H>ble of paaeing through a ring of U In. Ill diaiuotcr. ITi© .and ahould 
IS;. «IT1L r iV’ ‘ '® l,*»«P"rtion of 1 to 3 of the gravel. The whole Ume, grovel, and aand 

being phM^* hi 'tee*work ” ** wetbal hy sprinktiDg with water, prcfMjmtor, to 
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Where concrete is substituted for brickwork in retaining walla, or in walla of tonka and 
reaenroira, the concrete ahonld be one*tbird thicker than brickwork, that ia, where a retaining wall 
is required to be 3 ft. thick if of brickwork, it ahonld be 4 ft. thick if of concrete. 

Betoining walla to be safe should have cohesion and gravity equal, at the least, to four iiinea 
the moving weight to be retained, and should have drains through their substances, from back 
to front, to permit of draini^e, and prevent any accumulation of water behind the retaining wall. 

When mortar is used with bricks, the beds and joints should be spread thick and full over the 
entire area of lx)ih bed and joint, leaving, when pressed into place, a oed and joint never less than 
one^eighth of an inch in thickness of mortar. In 4 cubic yards of completed brickwork there 
sliould not be less than 1 cubic yard of mortar incorporated. 

Portland cement concrete and mortar may be so used in main-sewer construction as to form a 
k.'^wor whicli shall be water-tight, retaining sewage and excluding subsoil water. Within the 
excavated trench form with concrete a bed for the brickwork. Float this bed of concrete over with 
a layer of Portland cement mortar not leas than 1 in. in thickness. Set the invert and side-wall 
brioKs in a single ring of 4i in., and then give this a covering of mortar similar to the first bed over 

2130 . 2131 . 



the concreto, and set the inner 4J in. of brick upon it: the work will fht n be 11 in. in thickness, — 
9 in. of bricks, 2 in. the two to.’ds of mortar. The upper portion of the sewer to l>e oonstructed in a 
similar manner if the sul^aoil water ia liable to rise al^vc the top of the sower, Brick-sowers 
carefully constructed in the manner inilicatod will be water-tight. 

In making mortar or concrete, it will l>e of the utmost importance to use clean materials and to 
preserve them clean : the water used for wetting bricks and for mixing concrete and mortar must 
be ftiHi fr«im silt. Concrete and mortar should also be used on clean surfaces. 

B(3werH frtim 1 ft. to 3 ft. diameter, if rtxiuired to be water-tight, may, with advantage, be oon- 
atrueb'd portly as a concroto pii>c, moulded true to shafx' and size. 

Tbc timbimngof excavations during the laying of sewers will be found described under the head 
of Carfieiitry. 

When artificial foundations have to be constructed in unfavourable situations, a goml foundation 
may often bo socurod by deepening the sewer trench, and filling it up to the level of the sewer ; 
in districts in which rubble-stone or bouMors are plentiful, rough rubble walling may be resorted 
to ; a ooutinuous wall of concroto may be ooustructo<l underneath, or piers of concrete arranged at 
intervals along the course of the sewer, connected by brick arches. The arches, ns well as the piers 
may bo oonstructed of conoroto, the oartli being oxoavated so as to form the natural oentre for the 
ooncreta arch. 

Figs. 2126 to Fig. 2129 are plans and sections of a manhole at the junction of two sewers enter- 
ing into a pipe sewbr, which is turned at d right angle, having an arrangement for flushing. Fig. 
2126 is a plan at A A, Figs, 2128 and 2129 sections at D D and EE. The manhole cover is 
intoudod to act as a ventilator. The iron pail beneath the cover is to interoopt any dirt which may 
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2134 . 2126 



2140. 


3141. 


3142 . 


31 4a. 
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oomo through the yentilating openings from the street or roadway abore. This pail should be made 
to swing round when the manhole cover is removed, to admit of entrance. The bottom of the 
manhole may be formed out of stone, or brick and cement, or may be moulded in Portland lime 
ooncrete, with concrete for a foundation. 

Fi«. 2130, 2131 are plans at B B and at top. Pigs. 2132, 2133 sections at H H and 1 1 of 
a manhole on pipe sower Junction, with flushing arrangements indicated. A light iron sheet, 
to lowered or raised in a prepared groove, is arranged to stop back the flow of sewage or water, 
which is let off suddenly by drawing the sluice plate. An overflow is provided over the top of the 
sluice plate when this is shut down to prevent tne manhole from being filled above tbe level of the 
shut-down sluice plate. 


2144. 2146. 



21 4S. 


I*igia 2 2. '14, 21 H5 arc plans at LI. and at top. Figs, 2136, 2137 sections at Q Q and PP, of a 
manhole showing an ovciilow to ndieve the sewer fnun storm water. 

The heml of vmter to roint»vod may vary considerably, so Uiat the relief piiK* must lie placed 
in the manhole higher or lower, aooorditig as the house ronnwlious in the sewers will |>ermit. 

Figa. *1H8, 2133 are plans at M M and at top. Figs. 2140 to 2113 sections of lamp-holes and 
^^tilating piiMw, to he flxwl at the upjior ends of sewers and drains, os well as at inter- 
mediate points betwixt manhole and manhole. 

Fig. 2144 is a section on B B, Fig. 2146, and Fig. 2146 plan at A A, of an earthenware 
pip and brick sewer on a steep gradient. The end of the inflowing sewer is provided witli 
* «l?ht flapx>ver, to stop any sewer gases from below, and so eom|Xjl sewer ventilation at this 
point. This manhole provides for flushing, Fig. 2148 being the penstock emploi^ed for this 
purpose in the brick sewer. Fig. 2147* 

llie Junctions enU^ring the manhole and the overflow pi|»o are of cast iron, as if there are 
several such manholes to i)o constructed Uiis will b© the best materii%l to use. 

If elevatcil pipes are employed for ventilation, they may l>e attachoil as at p ;>, Fig. 2145. 

The l»rick sewer. Figs. 2147 to 2151, has well-arranged side junctions, flushing, and overflow 
arrangcmetits. In other roepeets Himilar to Fig, 2144. 

Figs. 2152 to 2154 are plan, sections, and details of manhole and brick sewer on n steep gradient, 
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hi^ying Bide junotioiiB and a aorew-down sltiioe amiigement» Figs. 21S2» 2158, for flushing with 
an overflow pipe. , * . j 

Fig. 2155 is a section of a ramp or fall in a main sewer on a steep gradient, having an mverted 
syphon of oast iron, to take the ordinary or dry weather, flow of sewage, and leave the end of the 
main sewer closed to stop any escape of gas upwards from the sewers below. 

Figs. 2156, 2157 are sections of a cast-iron sewer ventilating grate. 

Figs. 2158 and 2161 are longitudinal sections. Figs. 2159, 2160, 2162, 2168 cross sections 
of two flushing chambers, to be constructed at tlie upper ends of sowers. The capaoity of the 
flushing chamber will be in proportion to its cross-sectional dimensions and its length. The outlet 
and overflow pipes are of oast iron. The manholes to be joined on the end connecting with the 
sewer or drain ; ventUatiou to be provided for at the upper end of the chamber. 


3147. 3148. 



2150. 2J81. 


These chambers may l>e flllc!<l frr>m a water main, where there is an available supply, i>r from 
any surface water, or may bo tilled by wahrreart. Ciire must be taken m»t to injure sewers and 
drains by overflushing. The Ijest and Mifetst nnans will be tr» give repoaUd flashings in small 
volumes following at short intervalfi, as a largo Ijody of water suddenly discharged may ruptiife the 
joints and damage the inverts, which must \hj avoidc'd. The manholes and lainp>bo]es thioughoat 
any sewere<l district are intended to give facilities f<i>r sewer examination and cIcMUiatng In &tail. 
The arrangements here shown and descrilaxl are intended tf> be supplemental to manholes and 
lamp- holes on the lines of Mowers. 

Iti cases in which much subsoil water oocnrs. it is customary to put in a line of drain pipes 
continuously under the brick sewer in order cfwivey away the subsoil water, and to give time for 
the brickwork to set liefore bf tug expcaiiMl hi its action. In other oases sump-boles are sunk outside 
the line of sewer, which art* coniinuously pumfied out in order to keep down the sobeoil water to 
a lower level than the brickwork. 

In ordinary cuttings of 20 ft. and under, in depth, when executed In good ground, and when the 
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(^roatcst intoinal dimotiHion of tho sower does not excood 3 ft., it is customary to build the sewers, 
wliether circular or oval, with a 4* -in. ring of brickwork. Sewers from 3 ft. to 6 ft. in size are 
usually built in 9-in. brickwork, and for greater sizes the thickness is increased accordingly. 
Sowers with straight sidrs require at least 50 per cent, greater thickness of material tiiau curved 
sewers of equal dimensions. 




31 M. 


a sewt r ventilator, nr 
sjK*cuil moans for ventila- 
tion mu.<t he provided by 
means of a side ehamfier. 

The dusbiug gate 
seen in detail, oju n at 
Vig. 21C7, and closed at 
Fig8.21(;(>, 21G8. When 
closed, tho gale is la id 
in place by the chain ; 
when the sewer has hcvn 
HIUmI sufficiently to give 
the required flush, tho 
chain may be slackencil 
to allow the gate to turn 
over, and so liberate the 
uceunuilated water. 

Fig. 2169 is a front 
view ot the ailit fiice, and 
Fig. 2170 a section of 
a main outfall sewer 
brought to the face of a 
steep sea-clitr, as at North 
Shields and some t>ther 


placofi. The brick eower ends, during onl inary perirnls of sc'wage flow, at a vertical shaft in the 
cliff, down wbicth a pip© of cast iron is to bo taken through a bottom tunnel-bending t*> low-water 
line, or as may be otherwise arranged. The eewer is shown continued at O to the outer face of tho 
cliff, which would discharge on special occasions storm waters. . , , 

The sewer ends are shown proiooted by hinged flaps, tho outer one to prevent the wind, Uie 
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inner one elao to atop wind, aa well as aewage gases, firom flowing back to the sewered and drained 
There is a manhole, the entire area being indicated as for ventilation. 

If, however, it is not oonvenient to ventilate at this point, the manhole may be^ covered, and a 
ventilating drain bo carried from the manliole chamber to some more convenient point. The man- 
hole must be fully ventilated. At the end of the tunnel, on the level of the beach, means of access 



are to be provided hi enter the tunnel, and an iron ladder may be fixed in the vertical shaft to 
enable tlie engineer to examine, and if necessary, have the pipes repair^!. 

In the horizontal tunnel there is to be a reiief valve a on the cast-iron outlet pipe, to prevent 
bursting when tho sewer is discharging tolerably full. This relief valve will also liberate air duriug 
the rising of the tides. 

A miMu sewer outlet to tlio sea, or to a tidal estuary, on a flat shore is illustraUHl in Figs. 2171 
to 2174. , . , 

The main sewer is carried to a manhole cliaml>cr. Fig, 2171, having a flap*cover : there is a low- 
water outlet, and a top or high-water flo*>l outlet. The ordinary or dry weather flow of sewage 
will be brought from the main sc'wer to the b<»tlom of the manhole chamber by a cast-iron pipe. 
A manholo, with full means for ventilation, is arranged over the oouimenceiiieut of the low-water 
pipe. Figs. 2171, 2174, and the end manhole chamber must be fully ventilatcxl, cither at the cover 
or by ventilating pipes taken from tlie top of the chamber to some safe point. . 

The bottom pi|>o in the chamber. Figs. 2173, 2171, may be taken into and l^clow low -water line ; 
the upper or overflow pipe may be taken on to the slioro below high-water linc,^ and as far as may 
be found necessary. In Fig. 2171 L indicates low water, H' half-tide, and H high water. 

It is intended by this arrangi'*ment to permit the tide to rise and fall within the manhole 
chambw in each manner as not to disturb tne flow of sewage or drive back sewage gooses during 


the rising of the tides or In rough weather. 

Figs, 2175 to 2181 relate to a balanced tidal flap for a main sewer outfall. 


Fig. 2176 is apl.m 
3 z 2 
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of the flap at A A, Figs. 2177, 2178 plao and elevation of bearers. 
Figs. 2179, 2180 side nnd front elevations. Fig. 2181 sootion. 
Tlie rim of the flap, Fig. 2175, is made with a wide gro<>ve, 
in this is placed hemp packing covered with a bond of vulcanized 
indiarubl^r, which is secured by bolts. 

A proper manhole chamber would liave to be constructed, 
similar to that in Fig. 2171, or a modification of this form, so as 
to protect the flap and allow it to work safely. Such uu 
apparatus maiy be placed on the outlet of any sewer ending at a 
river margin or on the sea-shore. 

Where the character of the ground and Uie formation of the 
lines of streets will admit of the arrangement, town areas having 
steep gradients should be divided into zones, main intercepting 
sewers being formed on conhmr lines to receive the flow fo 
sewage from the upper area and prevent accumulation of sewage 
in the low-level system of sewers. 

Manholes and lamp-holes at the junctions of common sewers, 
at the angles of direction, and at changes of gradient, form a 
fimdamenhil fetituro in systematic sewerage, inasmuch as tliey 
serve the several purposes of flushing, examining, clearing, and 
Ventilating the sewers. 

The size, fonn, and character of manholes vary consitlor- 
ably. In Figs. 2152, 2158 and 216(5 will be found some approved 
desliTTis. 

The mode of entering a manhole is effected in different ways. 
If it is constructed after the manner of a verticid shaft, it may 
bt* euteretl at once from the centre of the street hy rt raoving the 
cover an<i using the iron 8te|>s fixed in the side as treads anti 
holds, Figs. 2158 and 2171 , wldie in main thorsaighfares, where 
there is much traffic, the entnuicc may be more conveniently 
gained from ttie pavement or shle of the street, in w'hich case 
the entrances may be fitted with covers. 

2169. 2170. 


21 es. 




Thesf' covers arc provtde^l with an inside grating, which allowt of the ▼cntilailon of the ahlilt 
hy the raising of the outer lid without danger to traffic. Wbeti manbolez are entered directly 
from the stree ts the covers should be formed of opener! gratings to serve coustanily ae Tentilatofc* 
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^jfAOtioe the opening in the ftreet is not found to interfere in any serious way with the public 

Where manholes are Intended for access to doors or gates fixed in the larger sewers for the 
purpose of flashing them, the side entrance possesses great advantages over the vertical one, as the 
mode of construction enables a man very readily to bring the gates or door>valves into action. 

Below the grating which forms tlie covoring of the manhole there should be a dirt box fixed to 
Intercept the solid matters which And their way through it, and which, if allowed to fall to the 
bottom of the shafts, would obstruct the flow of the sewage. The position of the dirt box in the 
manholes and lamp-holes is shown in Fig. 2158. 



3174. 


The practice of proWding ventilating side chambers with gratings in connection with man- 
holes having tluxnikdvcs solid covers, is doubtless a good one, as Uio dirt falls into tho side 
ebamber instead of Uie manhole. 

There are few syshmisof sewerage in which the arrangements are such as to render flushing 
altogether unnecessary. Sewage may be so diluted by foreign water that it may of itself bo 
suffleient to keep the sewers clear, but at the ujk^x'nnost ends of sewers tliis favourable condition 
cannot U? attained, and recourse must Ixi hud to some additional means of cleansing. At the head 
of all sewers there shouM not only \yo an increased fall given to the sewer, but some means should 
be provided of admitting water either from the public water main in a town, or from a water-cart 
in a village, or from a tank built purposely to collect tho rainfall and retain it for use iti flushing 
during dry weather. ^ , , , . . . 

Whore water is scarce it may bo made the most of by tho use of valves or half gates m tlio 
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aewers, Figs. 2129 and 2168, whereby it may be held back and let suddenly tree ; thus water or 
sewage itself in a oomparaUvely small quantity may be made to do good service. 

Half gates. Fig. 2168, may be advantageously used in manholes where the sewers are of large size, 
but with small sewem whole gates or valves are better. Oates should bo made to shut the 

flow and to open with it. Where the sewers are made of pipes a simple flap. Fig. 2158, arranged to 
open the reverse way, that is, against the flow, fixed to the outgoing pi|>o and made capable of 
bidng worked by a chain from the top of the manhole, may be made to do a similar duty. 

Penstocks answer very much the same purpose as flush gates, though the mechanical arrange- 
ments by which they are workotl are different. The difference consists in the j>ei»8took acting 
vertically, and moving gradually by worm and rackwork in a ohamlxjr devoted to the purpose, 
while the flush gate generally works on hinges horizontally and suddei^y. 

The working of penstocks will be understood by an examination of Figs. 2152, 2153. 

The admission of water into sewers is sometimes cffecttHi by n direct ^nnection between the 
water supply of the town and certain manholes; J. Bailey Denton is of opinion that this arrange- 
ment is wrong, and carries with it an objection which must prevent its general adoption, for water 
is a rapid absorber of sewer gas. ^ i a* 

Whore there is a considerable quantity of water at command for flushing, tlio operation is bettor 
commenced from the low^er ends of the sewers, but where, on the contrary, the water is scarce the 
flushing liquid must be made to do its full amount of duty, by detention at several manholes in 
succession from the head downwards. 


21T5, 217*5 2177. 



Tne gullif^ now in use differ in their distinguishing features in twf» partirulars, the one iKiing 
a conii>arativ» ly shallow rec^qduclc, c#>vepi <l by a grating, through which the water and the mad 
detritus jmss together ink* the sewer or surfiwe drain, the other ctuisistirtg of a catoh-pit in which 
the df tritus dejiosits iUelf whih- the liquid alone passe s onw^ards. I'he lattiu* description should lie 
invariably adf»pted whciii the gallics are conn<?r'tod with the? sewers. 

The depth of the gully cab-h-pit for tho intercrqdion of the solid matters will d«*pc»nd upon the 
nature of the rrmniwHy or stn^et, as well as U|H)-n the inrliiiation of the siirfaiv. For {>avc<ft siit*4;ts 
and rr^gular ^urfaec^, for instance, it wdl not U* nec^’ssnry to make is> great u pr«ivisiou as in coses 
where tilt* streets arc macadamized, ami where the inclinutions are sU ep. lit I^inrhin the sizes of 
the gnllii s vary o»iisi»l»rrahly, mme of them h«ddirig 40 and others as much as t#0 cubic feel of 
dejKMiit. The <h‘gr<‘e of attentifm given or rather reqtiirfiil to U‘ given by local authoritu^s to the 
emptying of cateh-pit gullies may inilneiu'e the size of th*? rec^'ptaidcs, for the more fitsuieiitly they 
are e’inptic*! the less, of courw , Ti€*< ti lx* their cafKicity. They will generally bis larger In rural 
towns with in;icadaiinz«*d roads than in towns with |Nivc«i streets. 

Where gullies if>nnf'CUfl with tKrwers exist by the side of frMitriatlui In much rrr*r|iientol sir<M)t«, 
anti in yards ami courts, special (;are should lie taken to prevent the eacafieor the gases of ilier sewer, 
by the most eflicient means of trapping, 'rhis obj<?ct is efhrctii^l in most of the gtillios now in ttso 
by the c^iinmon dip arrangement ; in others by bends c^r ellsiws in the pi(»o coniiecditig them with 
thoftewer ; and in others by Helf'acting Istlanee mef at valves. 'Ilioart gullies in whhdi the wator 
itsidf is userl as a means of trapfiing are lH.*tter than those provhled with metal lsilani*e valves. Thu 
latter are sometimes umsI wla^e tlie nsid th tritits and other wdid inaiU rs are aiimittAj^l into ibo 
wwt r. They are subject to derangement by a fiortiun of the sidhl mattor rtfstitig mi the valve and 
preventing its closing perh^ctly. in which case the gases which the volvt? ought to exclude ' . 
into the street or yard. But ev»m if the valve shuts dowdy when not in action, dlrcciilv It 'to 
oiM'iied by th<* for**e of the d* wemltng water and its solid rualbTs, the gaiars that have I 

licrieuth It will rise upwards and escape. The disadvantage of using water as a moons of trapping 
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oonsisto in tho foot that the water is apt to be evaporated, and it is oooasionally necessary to fill the 
reoeptaoles with water by hose or water-carts. 

A gully is an opening provided for receiving surface water or waste. A trap is a barrier placed 
between the sewer and the external air. Gullies and traps are closely related, W although we may 
have traps without gullies, no modern gully can be considered complete without a trap, and the trap 
and the gully are often so constructed as to be inseparable. All gullies and traps are now formed 
either on the water trap or valve trap principle, or by a cr>mbination of both. Water traps 
usually partake of the character of an inverU*d syphon, and are liable to become un trapped 
from running full bore and acting as a syphon projxjr, in which case the induced current tends 
to create a vacuum below the trap ; air follows the flowing water, and drives or sucks out suflfi- 
cieiit water from the trap to leave tho aperture unsealed Tho remedy for this defect, which is 
constantly ocoiiriing in the case of small pi|>e8, is to provide free ventilation below the trap, to make 
the trap of rather larger l>ore than the pi|ie communicating with it, and to cut off all direct eora- 
muuicattoii with the drains. Another, and not uncommon, cause of the failure of a trap is tho 
entry of some substance which will act as a syphon, and drain all tho water out of the trap, leaving 
it unsealed. For example, the traps of sinks are very apt to be<x>me uiitrapped in consequence 
of a thread or two of a dishcloth entering and hanging partly in the water of the trap and 
partly down the drain, when it acts as a syphon and drains it. The only remedy for this defect 
is the exercise of constant surveillance. Traps are also particularly liable to fail from the evapora- 
tion of the water which forms the seal. Valve traps are more defective than water traps. 

Mf^clianical or balance traps have been used l^th in soil pipes and in connection with water- 
clost^ts and gullies. 

Btorin overttowrt servo as safety valves to the sewerage system, and should be placed in such 
jtositiotiH tiiat a <Iireci coiiimniiication with the sea, river, or watercourse forming the natural outfall 
of the district may Ijc readily gaiin d. The precise shii|^>e they shouh! take aiMl tlie mncle of con- 
necting them with the seweis will Ihj determined by local features. Figs. 2170, 2171 exhibit over- 
flows, one into a river and tho other into tho sea. 

Stdf-ac'ting valves or flaps, of which Figs 2170, 2180 are examples, are also necessary provi- 
sions ill sewerage sysUms. Kuch contrivances are undoubtedly necessary wherever the 

mowers <liKcharge into the sea, or into a tidal river below high-water level, not only to prevent tho 
inflow of the scja- water, but to keep out the wind and prevent the driving back of the 8c‘W’er gases 
int*> the streets aiul !»ousc*s in tifn<?s of storms. Flaps are M^metimes a<lvantageously aflixed to a 
s**wer as it |tass('s through a manhole, in onler to prevent the onward passage of sewer gas generated 
Ih-Iow. Uy api»eiidiiig li^ht flaps in manholes built in sowers with steep inclinations, the escaije of 
eflhivium may W* so evenly distribuU'd ns to avoid objection. Flaps are sometimes aftixed to tlie 
junction of itunor or private' com luu idea ting pipe sewers with brick sewers, and are extrt‘mely useful, 
if wi ll exi-cutcHl. 

Denton observes that nil tidal valves should be truly U lanced a'ld self-acting, so as to yield to 
tho slightest pressure*. They should be clos<* fltting, to exclude the oat<*r water, and also, when 
facing the sen, la? protocloil frt»m the din^t action of the waves, as the sudden niotinri of the valve 
lyackwards and forwards gives impulse to the sewer air, oiiid causes it to force* its way upwards into 
boiistts in ilelianiM^ of tra]'8 and syphons. 

Ill €?very system of sewers, ami even in the drains of blocks of houses, public buildings, and large 
private liouaes, it will bo advisable to prevent tho accumul ition of sewage gask*8. The manhole 
chamber arrangements due to Itawlinson, Fig. 2152, an* dcMgiiud to show' how by ramps or tumbling 
bays, the rush of m*wagc down steep gradients may be arri-stod, nnd the upflow of scwairc gases be 
si«»p|MMl by the flaji covers on the unis of si'wers and drains. Tins form of arrangement may be 
adaptt*<l to sewers and drfiins of all ft*rjua ami as also to closet pipe.s from house 

sinks, and overflows from hous<* cisterns. A main |w>int is that sewers and drain.s should not be 
Continuous flui*s up which a<*wagt* gases can flow, ai'cumnlatc, and concentrate, but all sewers and 
drains should have janiits of inU*rception and of ventilation calculated tosulxiivide and liberate the 
frcwh gits(*s at nuineroiis safe |s»iiits, exleriialiy. That is, no sewer or <lrain must, under any condi- 
tions, form one ciintiuuous tuU* or flue : lu ither should K*wers nor drains traverse the basements of 
buildings, public or private, but In* oub^ide the main walls. 

It is to Ik? regrctteil tiial the several ineaiis adoptetl for the ventilation <»f sew'ers have failed in 
the attainment of a sutisfoctory n‘»ult. It is hnnlly necessary to say that wherever sewer 

inU> dwellings they have an injurious, if not a dangt*rtms, efl'eot, and that everything that 
can Iw done should U* efl't*cltHl to pn^venl their entry. Uniform aeration seems the only mciiUS of 
ventilation which is at all of s<*rvhK?. 

Much has lH*en siii»l in favour of the nm' of charcoal to purify effluvium ; but tho cftlcacy of charcoal 
do]K?nds »f> iiiueli tiivm its Iwing kept f«*e from dust and in a dry condition, that its purifying functions, 
when usvd in omitn-i tioii with st^wors, sesm emne to have any eftect. When , fhe^ fore, aeration can 
logtiined by manhole and lanq-holo openings at r(*gular and frequent intervals throughout tho 
•oworage system, with occasional shafts for ventilation only, aided by private ventilating outlets 
above dwellings, recourse to (dinrcvial is umlcsirable. 

The following nt inatka u|¥m the matter are due io Waring 

♦*Thc principle of the ventilation of a sewer is practically tho same as that ailopted by builders 
for tlie preveiiiion of dry rot. Tho fungi which cause this rot in timlH*r cinnot poxluco lluir 
germs in a ciirn nt of air, and if a sufflcieiit iiumlw of ventilating n|>t‘nings are made, communi- 
cating with each other, the action of the wind from one side or the olhei will cause a siifticient 
oiirrent Ho in a sewer a oontiiiuous movomenl of the air in onedirt^ction or the other carries away 
and diliitcH sewer gases, mid if they contain germs of org.mio disease capable of infecting tho 
butnati bloa<l, theswo are bcliovod bi Ik> destroyed by oxidation or otht‘rwi8e. 

** A saf^o sewer always has a current of air passing through it, and if it contains sewage matters 
at all, Uioso also must bo in constant motion. On this incessant uiovemciu of the air and tho 
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liquid nmst wo rely for our only seotirity. A solution of sugar in water, remaining stagnant, and 
protictoil from a free circulation of air, will enter into a vinous fermentation. If well ventilated 
and agitated, no sitoli foriuentation takes place. It is assorted that the excrement of a typhoid 
patient, continually agitated in contact with fresh air and a fair admixture of water, pasm through 
a series of complete chemictd changes, with no injurious product ; but if allowed to remain stapiant, 
if m>t freely exposed to the air, or if it gain access to human circulation before a certain oxidtiiton, 
it will, like a ferment, n>pnxUioe itself, and give rise to the conditions under which it was itself 
produced. Motion and aeration are therefore needed to prevent infection, which is sure to be 
gonemted whem typlmid evacuations ore confined and stagnant. Unventilated and badly oon- 
strncti d sewers uro sure agents for the propagation of the disease when oiiee it has taken root. 

“ The i\*8ulting gases of sewer decomposition are the vehicle or moiliuin for the conveyance of 
infeeti.*i», and from their lightness they give rise to a rapid difliisiou, owing to the eagerness wiUi 
which tijcy seek incitns of esca|>e at the higher parts of the st^wer sysUnn, that is, in house drains, 
soil ]U).»es, and eoiint'ctions. It may not bo |K)ssible entirely to prevent the development of the 
p<n: 5 f>u in even the best arraiigcHl sewt r, but it is pt»ssible. by a free admission of air, to supply the 
oxygen wbicli will take away its sting and render it barinleS'i. Sewers which have largo and 
frequent o{»enings at the street surfsu'o, and through which tho liquid contents have a constant 
flow, may give fortii ofiensive smells, but, if they have prof>er atteution, sanitfiry evils do not often 
result. 

“Sewer gas. whoji largely diluttKl on its escape, at frcxpient intervals, Into the air of the stnx*!, 
is pndteibly nearly or quite innoxious, but when it ftmxjs its way into the liiuittHl atmosphere of a 
cletfcd li\i*iig-rL»oJn, the iniUou, or tho germs of disease accompanying it, may easily work liieir fatal 
c fleets. 

“Sulphureltetl hydrogen is found in all sowers in which the fw'wage it-elf or tho iiiucouh matters 
adhering to the pipe assuiiio a ce rtain d« greo of putriility in the absence of a siiillciciit supply of 
fresh air. 1 his g>s is e.\tTt mcly |ioisoiious ; so much so that one jiart of the gas to two hundred 
and fifty |mrts <»f atmospheric air will kill a horse. At oru-half ihia inteii^sitv it will kill a dog. A 
riibhit wa> killed by having its l»riy immersed in a bag of it, although its htod was nut iuclrsied, 
and it ct»uUl brcvitht* pure nir freely. 

‘•One of the most fm|ueiit 8<mrces of pressure iqion the air within a sewer is the inc rouse of 
temperature arising from the hot water e.*caping from kitclieiis and baths. The rejK'aihxl expan- 
sions and contractions causeil by the admission of hot and culd wuUt pnxliiee a constant effect on 
all water traps eon rux*ted with uiiventilatetl sewers. With ventilation, the bnathiiig in and out, 
ns the air of the sewer contracts or expands, does not aU'ect tho water traps, because an easier 
{xissiige is found tliroiigh the ventilators. 

“ The constantly changing v dume of water in many mowers, as has Ix'cn before state<l, eX€*rts a 
|K’»werful iuflueiiee on the confined air. As the water ri.H< H it i\»<1uc4*h the air Mpac«\ and if it 
rciluces this to one-half, it brings to bear u|»»'»n the air a pressure equal t<» a (xdurtni of water 
31 ft. in height, and this pressure is ndieve<i by a ft>rcing out of air through the imwt availiible 
cliaiinol — the channel where th» re is tlH‘ least r« sUtunce ; if there is no other vent, a suflicioiii 
nuinl>er of water traps must lx> forccsl to allow the pr« ssure be<’f>ine r<*duce<i. It U.-ttig rt»duce<i, 
and the water fulltiig again to a Jowf*r Je^'d. a vaeunm is critiU'il which must sup[du*<i by air 
forcing the traps in ii reverse dircx*tion, and in either the forcv,*<l trap may remain ujKUi for tho 
free jiassage of foul uir until another u.<x3 tilis it with wah r. In the ebb and flow, ti[»r». a |Sirt of tho 
{.ML'ri me ter of the sewer is made ulteniately wet and dry, with an acoixupuiiying productum of vapour 
and gas. 

*• A.s the chi<.f d«»rm.stic use of sewers is Is tween morning and noon, and as at this time tho 
nnwt hot water fia.H.Hes into tle rti, the pre^<sure on the air in the S4.*wer is during this fX'ri4»'i incntiacMl 
bt»th by an elevation of tlie temp<'ratiirc and by a redin-tion of the air sjiaee. I’nen, frrim aUnii 
m»on until the next morning tfie quantity of the flow dt'w'Tt^ase^s, tfie air S|ifice incnttuM*Si, ilio 
t<‘in{X'rattiie full.-^, an«i ii)r>re air must be admitU?*! U* supply the {mrttal vacuum croUed. Hiich 
fltjciu.ttionri aie con.sliifitly oc^curriug. aecom|>iinied with u drawing in ainl fon iog of air, (nr 
which anipb* pasxag*' mu»t Ix^ made, ind* |rt>ndenUy of the water tra}>s of house's, or sewc^r gas will 
stirdyenUT tliem. Where p^oj^*r air vents are prrirvidefl. this ebb and flow rif the sewer may Ih) 
inert a.»ed, uiih great advantage in the matter of ventilation, by aritflctal flusidng ariungf^uieuts, 
which will allow the water U.; danmietl Isiek and rehfis* d at fr<^|Uent intervals.*' 

1‘lic sn-f’c, rts of the drainage w ill de{>eri«i utwiii the |Hwdtioii anti the iiuml^er of outfalls to 

lie htMiight into o|»«-ration m a «ltsLrict. As a rule it is nstml. in coustriictiiig si^wers, to lay them 
in Uit' oiiectton of the natural fulls of the district, cori.x qiiently tin? outfalls of sewers are alimsit 
invariably fouiul to b*- li>cah d in the valley of a river <»r stresim which naiumlly provides for tho 
drainage. Jhit as it i.s arivisablc that the st wuge should never lu; allowtxi to iiiUrmix with tlio 
water of tlie country, provimon must Ijc mack; for either purifying the stTwragi* Isdore pausing it into 
the fiesli-waier stream.H, or, ua in the case <»f i<iea-4V>ast h*W‘iis, h*?id to stich a |»oint as not to 
Inrcome the diuse of oflbnce. In inland hiwas there an* ehemieal or mccliuitiCitl systems for 
precipitalifig or d<*<Hlori/.ing the es^wage. 'I'he plan 'hat lias hitherto pn>v<al mmi succTHsfiil In 
puriJying the Niwage of an inland t*>wn is that of ulilixing it in its fresh state on prnpiTly 
profsired luTul. In sea-CiStst town-^ it will genemlly be found iiasut rconomical U> earry tlio sewage 
diurctly out to sesi; but in some easels, as a maiier of precaution, the sewage may Ik? m|iiiro«! ti> 
U" liitenyJ, or otherwise treated, before Udrig dh«charg<xl into tho imo, us pri vailing winds way blow 
fl^^iting Tuaibr on to the shore. In sf*iue towns, a sjsUui of intercc)>ttofi beruafUtr leffirttsl H 
with two or more ouifalU, may Ik» advatitagcMuisly intrUlueo*! in order to dituttiish the o^ist of UiO 
byAti'iii of sf^weis, and establish the oconomic di-fs*sal of the stowage. 

1 here ore two principal ways in which exrrr menUd iri«tt#?r may Iki dealt with, the drv ivstom, 
and carnage by water. *J b»> first is tiie tiKwt riittonul, as well as the most consi#*t<;til with public iaislih 
and with national prospo rity. The wci*k |ittrt of this system, however, is that, whtio ” 
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excreta, it leaves antouched all the other sewage, which would still require to be removed by water 
oirriage, and be purifled, of course, before passing into a river in the same way as if it contained 
the whole excreta. While, therefore, ution economical and sanitary grounds, water-closets, c^spc- 
cially in houses of the smaller sort, and in public works, jails, railway stations, should, as far as 

i xissible, be roplacotl by an eSicient dry system, the arioption of this course will not very much 
essen tlie amount of sewage to be dealt with, or render its purification less irnperativo. 

When water carriage is used, the following methods may bo employed for the disposal of the 

liutintng it inh) the sea, or into a tidad river, under conditions that will prevent its return, 
irrigathm, intermittent filtration, purificatiou by precipitation, lime, sulphate of alumina, or by the 
A C system. 

The dry method includes pan closets, earth closets, Goux system, Stanford’s system, Carbon 
Fertilizer Co., Lieriiur's i’lieumatic system. 

These various methods will bo briefly considered in their relation hj the requirements of a largo 
city. 

Water irrigation carru.d on in warm weather is exceedingly unhealthy ; in fact, a kind of feu 
is miulo of tiie large area of land the water U run over. Where the water is foul, that is, not 
purified by pn^ci pita t ion, the oilour, particularly at night, and Uf>on still damp evenings in 
autumn, is very si<*kly, and that in all these cases a great <leal of disease prevails. With regard to 
sewage irrigation, the stowage forms a deposit on the surface of the ground; that dc|K>slt forms a 
cake of organic matter, aud when it is in a dump state, as it usually is, gives off in warm weather 
a most o< lions stench. 

it is right to adtl, that at many places no evil effects have been traced to the influence of the 
farms irtigabd by their sr^woge, and that many of the most reliable authorities confidently afilrm 
that sewage farming is not attended witii injurious effects upon health. 

Cnaikes mnki'S the following observation on sewage fanning ; — The finest manorial qualities 
arc |>«»ss4'ss(.^i by tiio coiistitumts of sewage, hut the irrigationist is so wasteful in their application 
that, in the majority of casen, tlc-re ensues not a healthy crop, but a mass of overgrown rnnk grass 
tiiatc.Tial of no more nutritive value* than weeds ; for it must be distinctly remembered that this U 
not a qiieslion of manuring with sewage when necessary, but the cciuipulsory application of enormous 
cjuaiitities, in season uiid out of hcason. 

The quantity of land that appeals to be necessary, under favourable circumstencea is al>out an 
acre to each lOh of |¥ii>ulation. There is another aspect of the irrigation question, that on a skil- 
fully o*»iiducte4l st.*wage farm, as conln)st4*d with an ordinary agricultural farm, the cost of labour 
amounts to three or four times the sum usually expeiidcil an acn*, while the prvHluee is, at the same 
time, greatly nugmeitlcMl. The <|iicstiou arises wlit'ihcr, if it costs a town, say 10,000/. jK*r annum 
t*» purify its sewage by eh»*niicul treatment, and then to run it into a river or into the noii, and a 
like sum is bi.^t in the working of an irrigation farm, is there not the manifest advantage gained to 
the* cNunitry by a large exiRiiditure in the wages of laljonr, and the greatly increased supply of fixsl 
for iiiati and lauuit? Ctiven, tlierefore, a siifilcient quantity of land at a reasonable distance from 
the hiwii, and fn e from a resident fs>piilutiou ; and looking to the su|x:*rior efiluent produced, 
iirigaiion presi*nts the most |.M'rf«‘ei means for the liisjxisal and purifioati\»u of stnvage ; and it is 
r<uiMstefit with the facts that, if the levels of the lantl are suitable lor the reception and distribution 
of the M*wage wiihout pumping, and if the laud is obtainable at an ordinary agricultural value, a 
Si‘wuge farm iiitglii l«e made to yield a profit. 

Purification by chemical treatment has l*een much misunderstood, and oonse<jiiently discredited. 
• it luis not done all that has Is eii cluinieil for it, some ha\e hei n inclincil to regard it as a 
fatlum.and unworthy of consiilemtiou. Several processes have l>een advocated for purifying sewage 
by precipitation, amt at the same time manufacturing from the sliulge obtaiiu*il a inaiiuro which 
will sul(*ablL* at u oonsitlerable price, under the name of native guano, or some other high- 
Hounding title. Tin* purificntioii of the sewage is |K>ssiblo, aud has l>een carrieil out successfully, 
but the wde of the s*vchIUhI manure, except in insignificant quantities, apjHUirs to have failed of 
aci'fuiiplishmeiii. And this is not to Ikj wondered at; for the pr4.cipitant, whatever it may Ik*, 
while it removes th<* s«ilid matter <»f the sewage, tegether with the pho>j>horic aeid, leaves in tho 
4 *filtH;nt wahT all, or nejiriy alb the ammonia and all the potash salts, these constituting by far tho 
most valuable i»£irt of llit* sewiigi'. All hoj>o of making an> thing of the prt*cipiU\tc* or fcliidge 
should therefore Ihi ubaiidoued ; but that is uu reason why the process sliould not be adopted for 
the jmnlieation of sc^wage. 

The matters r%*iiioved by lime and by alumina, which are practically tho only precipitants that 
have liilberto Ih^cii einploveil, are solid matt«*rs. Phosphoiic acid, fatty acids of soap, nitrogenous 
organic iiiath ni, vegeUibit* cvdotiring mutters, magnesia. 

Tho nitrogenous (^om{Mniiids mid the ainmonia in tin* effluent s(X>n become oxidized, less rapidly 
in suit than fresh water; and the oxidation is greatly facilitated by piissing tho purified sewage 
tlmnigh ii |¥>n.nis niaUmal, witJi fr%»e ex|¥wuro to the air. 

tif all tho suhstances pnqmsi’d for prtvipitation, the one that api>ears to l>e most capihlo of 
gencr^d application is lime. It «in Ixj had evor> win re, is eh«ip, ami ctfects n snfticient purification 
te enable tin? elflucnt to lie {Misstnl into a noi»-|>otabic running stn nin or tidal river, e^sjKviully if 
the prt?cii»ittttioii is siippleiiieiitetl by filtration thrtmgh some form of chunvKil.or by running it over 
a limited extent of suitable land ihoroughly drained. It has U'cn oNjeetcil to the lime jmxjess 
that the effluent i*ooii dt^H»m|HMi**s, whilo that fiom other precipitants. U*ing neutnil or faintly aeid 
rc'sisU putrefaction for a much longer lime. But the lime efiluent also leadily oxidizes, and as the 
organic matter in the purified sewage must bo oxidized, tho lur this is accomplisheil the less 
likely is it to pnaliictwiijurioiis coiisec|uoiice», , , , , u ^ • i 

Under any tiysieiu of prtHMjuhition, it is most itii|>oriAnt that the sludge sliould not remain long 
iu the buitoiii of the si'Uling tanks; wliciievor it is innuiUed u» acimmulatc for a week or two it 
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ferments, throws up bubbles of the gaseous products of decomposition, and serves to render the 
effluent offensive. 

Wm. Sbelford, in voL xlv. of the Minutes Inst. C.E., gives an interesting account of some 
experiments with Campbell’s process. This cousista in adding phosphate of lime in a soluble state 
to the sewage, and in precipitating it, after sufficient admixture, by a further a<idition of lime. 

The plant consisted of an ordinary hand pump for raising the sewage ; two mixers worked by a 
continuous shaft from the hand pump, so arranged as to prevent the subsidence of tho diemioals 
in the water with which they were mixed, and at the same time to Ijale tho due proportion of each 
into tlie sewage ; a mixing trough for effecting the admixture of tlie ohetiiicals with the sewage ; 
a series of six coner^^te tanks for the precipitation; a series of filter beds for partly drying the 
sludge ; a Milburirs drying machine for completing the dried tnanure. 

The two mixtures were an adaptation of tne water-wheels employed in Alpine rivers for raising 
water by buckets attacheii to their rims. Each of them consisted of a wheel which revolved in a 
suitable vessel containing the chemicals, diluted with water, at a sufficient velocity to prevent their 
subsidence, and at the same time by means of cups attached to the ends of the spokes tho right 
quantity of eacli chemical was raised and thrown int(» the trough containing the sewage. 

The mixing trough, made like a “ salmon ladder,” was first applicnl by Shelford to these works, 
and was found to be so convenient and economical, that he afterwards ui^ it elsewhere ou a largo 
scale. 

The tanks were arranged so as to be capable of use for tho treatment of tho sewage either 
during its continuous flow through them, or bv intermittent flow into eueh, and then allowing tho 
sewage to remain at rest during precipitation, out vrithout stopping its flow into tlie vrorks. jBlueh 
tank was a cube of 4 ft., and held about 415 ^llons. The s<.‘rie8 of six held 2500 gallons, or 
twelve hours’ flow’ of sewage. When worketl by continuous flow, tlie two first tanks are used 
alternately and receive most of the precipitate. F*rom these tho flow of tlie Bewng«« is dirocteil 
through the remaining four, but any one of them can be emptit*d and clc^aned by shutting it off 
with sluice boards. When worktxl by intermittent flow, the tanks are filled, and after a projK^r 
lapse of time for the deposit nro cIcuikhI in succest^ion. 

The filter htnls for {>artly drying the sludgt* were of the commonest di'^scription. 

Milburn and Co.’s machiae. Figs. 2182 to 218(5, for drying sludge, was also adopte<l, and gave 
excellent results. 

It consists of a floor or bed fonne<l of cast-iron plates, on to which tho wet sewage is fed. 
Beneath thus floor, at the feeding end, is the furnace which is coverwl in with a firebrick arch, 
terminating in a double bridge. In the bridge arc ojienings titrough which tho heab*<l products 
of combustion pass away under the irrm drying floor. The brickwork fimioce crown prevents the 
floor being overheated at that jioint which would cause damage to the manure. The heateil 
air from the furnace afWr passing under the fl«»or returns over it, thromrh the drying clmiiiher, 
which forms a flue, the hot air carrying with it the vajKmrs arisingfroin the drying process, which 
pass away together through a chimney over the f»*e>tling end of the ma<diine. A tnist-iron tmme is 
placed over the drying bt.'iJ, and extends nearly the whole length of tht‘ fits>r. This froiue 
is movable, ami it carries a series of truiisvenM* bars which form 8cni|K-rs, Figs. 2182 to 2184, the 
etlgt*8 of which rest Ufsm the H<>or. The frame also carri»*s a «eri«'S «»f sluwly r<‘Volving agitators or 
rakes, which are plieed immediately Iwtween the strrafs-rs, and which move to and fro with 
the frame. Tite duty of these agitators is to stir and hrinik the manure up at tiie w< t end 
and along the bed until it i.8 dry, when their action cau.*»cs the manure to Is't^otm* puhenzetl, until 
at tljc exit end it is in a finely |»ow<lere«l er»iidit»on. On tlie top of the fmme are brack t ts urrurigtfl 

os to form vertical shits in which crank pins work, the crariKs ls*ing attachc^d to g«iirtng at 
side of the inuchine, and the wlmle l»f‘in$r s<» arranged as U> revolve t<»g(*ther, as in Fig. 22d4. ’The 
vertical slots are equal to the full h ngth of the stroke of the crank, so that at each strok«' 
the frame is moved slowly to and fro. The trausverst* scmpi^rs swe«'p the entire surface of the 
bed, and by keeping the manure in constant motion prevent its criking on the iron phiU^s. 

On the top of each of the slots, or crHiik-piti guides, is mounted a iii<*vitl>le stop hh>ek, which is 
adjustable by meAua of a ts^rew, and by which the leugtli f>f the slot is incn^sirii or rt'duccHl 
as required. According as ih<* slot is longer or shorter, is» is the frame lifb‘<l a greaWr or h as 
height at its backward stroke when the sc^rafiers and stirrers |»ass over a isirtiou of the manure. 
At the return .driike each scrajsT passes on a |>ortion io the next sctafnT, and thus the inantiro 
gradually truvids the whole length of the plates, until from a w« t crihereiit insss at the fcM-tling end 
it Ijocximes a dry jiowdr r at the delivery end of Ih** ap|Miratiis whert' it nmki>s its exit. The dr^dng 
floor is covtTcsl in witli iron plab^, which are carrii«<l on the top of the fruim% thus inclosing tho 
manure wdiilMt Isdiig drh*«l, and forming the return flue ulnmly allud»'«l to. If it should found 
desirable Uj d< stroy the noxious gases, that is effwted by iiif*ans of a spf.*cial furnace, through 
which they are forcerl, and in whif’h th«ry are c*ntirely decompomsl. 

Kx|s;rimetits were mo/ie to determine the liest projs»rlion f»f chemicals to lie uscsl, and it 
W'as fouiitl to nnsluce a grssl effluent water, was a do»e of 10 lb. #»f sufierplKispbale and 3 lb. of 
lime, or a t^ital of 13 lb. of chetuicals ea<di 1(881 gallons. The effluent waU*r as it left the works 
Was either neutral or gave a slight alkaline reactiou, anil was more suitable for irrigatiem purpuw.*s 
than raw sewiigo. 

The precipitate, or sludge, when run upon the filters, contsim^l IH) fsv orui. of water, and waa 
aliout J ft. deep. The* heavier rmitter at onc<- stilsiidc^l, and left the water on the top; but 
in corifieqnence of the abcM!.*rict^ of clay, ami the fK>roiis condition of the slii«lg«', the water 
thniugh ls>th it and the filter, until a <y>fn(tfinittvely sriltd stratum o{ sludge, of the e^vnststoiicy of 
mortar, was h ft. The filters wfcre found to work Istsi when the |s«rti»lly dried sludge did 
Hot exr€je<J d in. in thif’ktiess. "1 he sludge when shovi lh-d off the filters c/»titaiiied 8<i jwr €*mit. of 
moisture, and was accuinulateil for two or three Wf«< ks in that state without bedng at all offensive 
until a suthcient quantity liad been pre|4ired for Mil burn’s niachtiie. Tho sludge from CatupbolTa 
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proocflB appears adapted for drying by filtration, a ciroumatanoe duo to the absence of clay in the 
pc^ipitants employed, to the large proportion of ohemioals compared with the sludge, and to their 
porous condition. Its importance can hardly be overrated, inasmuch as it solves the difficulty 
of drying, which has been more troublesome than any other mechanical question. Experiments 
and analyses showed, moreover, that the value of the sludge was not affected by its filtration, 
whilst the quantity of moisture abstracted by, it was at least one-half, even after the sludge 
had been brought to much greater consistenoy by draining off the water as it collected upon 
the surface. 

The value of the manure corrected to contain 18 per cent, of sand and 10 per cent, of moisture, 
thus showed a margin of 5s. a ton after payment of expenses. The worst result showed that the 
manure was worth about sufficient to pay tne cost of the chemicals and leave a margin. 


2187. 



2188. 


Pitvipitation by a solution of sulphate of alumina mixed with the sewage, and afierwards 
neutral iised by Umo. has the spooial a<l vantage that the bulk of the sludge is sensibly lose than that 
<^)^Uiinecl by lime. 

The ABC process was ma^ie the subject of a special series of investigations by the Rivers 
Polhtiion CximmiMioners, with the following conclusions 

The prooess nma^vos a large proimriiou of the susptmded impurities firom sewagi\ but rarely 
Is ibis removal so ooinplcte as to lender the offiuent sewage admissible into nmuiiig water. 

The ADO process removes a very small proportion of the saltiblo polluting matters from sewage. 
After treatment by this process, the effluent sewage is very little better than that which is obtained 
by allowing raw sewage to settle in subsidence tanks. 
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The manure obtained by this process has a vary low market Talne, and oannot repay the cost of 
manufacture. 

Tiie manipulations required for the extractions and drying of this manure are attended with a 
nauseous odour, esjx^ially in warm weather, and would occasion a serious nuisance if the works 
were situated in or near a town. 

The name of the process has been taken from the initial letters of the three substances con* 
sidered essential to the process, alum, blood, and clay, but other substances have been used, and the 
mixture of substances has suffered a great Taricty of changes. The following is stated in the final 
specification, as proportions which have answered well for ordinary sewage : — 


Alum 600 parts. Burnt clay 25 parts. 

Blood 1 tf Common salt 10 „ 

Clay 1900 „ Animal charcoal .. .. 15 „ 

Magnesia .... ^ » Vegetable charcuil .. .. 20 „ 

Manganatc of potash 10 „ Magnesian limestone .. 2 „ 


The quantity required is stated to be about 4 lb. a 1000 gallons of sewage, equal to about 
1} tons a million gallons. In singular contrast to the above are the proportions most recently 
employed at Leeds: — 

Alum, or sulphate of alumina . . 3 parts. | Clay 6 }>artB. 

Charcoal of some kind .. .. 3 Lime 12 

In this mixture the essential ingredients appear to be alum and lime, the latter being used in 
considerable excess, as appears from the composition of the dried sludge. As regards clay, it is a 
fact that sewage of some towns contains alrt?ady too much of that sulistance : and^ what is ndd<Hl 
only increases the bulk and weight of the sludge, without offering any compensating advantage. 
One object of the ad<lition of clay is to ensure rapid precipitation ; but this appears to bo equally 
well attained by the use of lime alone. 

If a system of precipitation is adopte<l, tlie disposal of the sludge will be one of the most im- 
portant elements in the calculation of cost. Probably it might he used to some ext<*nt for filling up 
waste and low-lying land; but, If not required for this purpose, it must bo defKwiUHl in the same way 
as any other kind of soil. 

intennittent filtration a.s a means of purifying sewage has been earri^nl out quite sucoc'ssfully by 
Bailey Denton at Merthyr-Tydvil ; but the conditions are there so exceptional, that there are very 
few plact^s where the process could be pursued with equally satisfactory results. 

Many places are so situated that a water-carriage system for the removal of the excreta is 
almost an impossibility ; and there are large towns where, even wlier* a system of drainage has 
been carried out at cnomious co.*»t, the difficultk^ of dealing with tbt* polUite<i waters at tin* oiitfall 
appear so insuperable, that a return to the pre-existing midden system, or to s^>me form of iuter- 
ct jition, has become almost a matter of necessity. 


21*9 



Lven where a water-carriage sysh m prevails, some plan of removing house refuse, ashes, and 
dust, some dry system of collection, must also Iks in fnre© ; while an intereepiiori system, however 
enrefuUy it may l>e carried out, still leaves a vast quantity of slop water and surface rirainage to 1^ 
cbraTiHed and d«;fccatecl at the outfall. 

No plan, however, will servo if there are leaky and pervious eesspords, an absence of proper 
unnals, ill-pavod roads, and the filthy liabits in the population generally, and difficulties may lie 
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reduced to a minimum bv careful scaveng^ering and strict supervision, both of which duties must 
be unconupromisingly and carefully performed in all towns and areas where cleanliness is sought 
after and enforced. The following account of the various forms of dry closets is from a paper by 
G. R. Redgrave in Trans. Inst. C.K., 1 875-0. 

The term interception implies the exclusion from the sewers or drains of all fsocal matters, and 
the possibility of interception involves the existence of a system of sewers, which may, however, 
have been laid down for the removal only of surface water and slops. 



A ntiilden or dry closet sboiiM nn<lcr any circumshmees be constructed of non-porous materials 
mill fiirnishod with a drain t4» carry olT the txcess of liquids, and it is an advantage if it has a 
hiiiiple ammgenient for dt^Mlori/.iiig'llio contents with ashes or some other available material which 
riMptires the form to ho nKxlitunl so that this may he accomplished readily. 

3195. 



Figs. 2187, 2188 ithisirate such an arrangement ns use<l at Xottingham, and Fig. 2189 is a 
mrHliH«*ation of this form i mployM at Stainfonl. In these examph's the receptacle is concave, in 
oriler that th<‘ dejection may gravitate to the centre, atid the brickwork is carefully eeiiiente<l on the 
inside to render it imiwrvious. There is also a special otioning, through which ashes or earth may 
be thrown on to the contents, and a shaft is carried up for vcntilntion. The riser of the seat is of 
brickwork, or of 2-in, atone, the floors in both oases l>©ing also of non-porous material. Pig. 2189 is 
the bettor arrangement of the two, for here the seat is hinged so aa to throw up and permit of the 
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ashes being sprinkled on tlio freshly depot^fted contents, and m the pit is shallower, it ncoossitates 
mom frequent cleansing. The midden, Figs. 2190 to 2192, is of ghizeii 8tone-war<% providt*d with 
an overflow pipe connected with the sewers, and is a good type, the cost being small, while tli© 
danger of leakage is avoided, s is tlie soil pan, t tlio trapped overflow, c the cesspool, p a 
perforated pitch-pine cover, and a a covered asli-pit, from which access can be had through an 
opening, as at the back on the level of the court. Where poasible it is an advantage, when the size 
of the midden is reduced to a mere space nmlemeath the scat, where this is formed of non-porous 
raaterials, or furnished with ready means for the rcmoviil of its contents, whicii must take place at 
the shortest possible intervals, of this class, those employ t^l at Mancliester and Hull, Figs. 2193 to 
2196, and ^gs. 2195, are good spt'cimens. a is the adi-pit, c the bottom, if the uir-shatt. Fig. 
2193 has a glazed earthenware sloping bottom, with a door oouvcniently placed for emptying the 
contents, which operation takes place forfnightly. Fig. 2195 is similar in arrangement, but 


2197. 




has a strme flor>r and no ventilating shaft and the pan being loss capocious the midden has to 
he emptied weekly ; the emptying takes place from tfio front in lieu of Uic sides, Ihe riser of tho 
scat being made movable for the purposes which renders the plan somewhat deflective. Tills latter 
arrangement, moreover, has less conveniences. 

Figs. 2197, 2198, iliustraict a midden that has beem used at Biookport and Leeds. Hero a irotigh 
t, placed under the front part ol the seat conveys away the urine to a separate receptacle, or direct to 
the drains. By this means, not only are tho midden contents kept much dryer and an ontiro 
immunity is secured from splashing, but a smaller quantity of <locaJortser can he employed for the 
solids, and there is little offensive smell. Fig. 2198 is a section of the contra lino of 219H, 
u is a shaft, r are risers, which are made to open and servo as shoots, e the ventilating uae from 
the siiaft, 8 is a step and child's seat, and s a seat for ailulta. 

Many of the arrangements of these middens have been entirely altered by adopting movable 
receptacles, consisting of either tubs, pans, or pails ; the simplest arrangement of tliis kind is 
merely a w^xiden box, placed under the seat so that when full it can ho tipped into a scavenm^ris 
curt and replaced. The difficulty of cleaning out the angles of the box at first made use ol^ ana its 
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non«adaptstion to closets of different shapes, led to the employmrat of oval or round tubnihaped 
reoeptaoles; such axe those in the Goux system used at Soohaale, Fig. 2199 being placed under the 
hloset-seat. The Gk>ux tubs are lined with some absorbent refuse material, rammed round a mould 
or core, Fig. 2200, which is allowed to remain in the pail until just as it is about to be placed under 
the seat, the core is then withdrawn and it is then ready for use. 


2204. 2205. 



The proportion of nbsorbcmts in a lining is 3 in. thick to the central spa<'e in a tub, and, say 
18 in. diameter would be about two to one, but unless the absorbents are dry, these proportions 
would be insufficient to produce a dry mass in the tubs when used for a week ; and experience has 
shown that after being in use for several days, the absorbing power of the lining is already 
evaporate, and the contents become liquid. This system has been tried in several parts of 
Bngland, but it would appear that although it removes the risk of splashing, and does away with 
much of the unsightliness of the contents, it is still a nuisance, and the absorbent, inasmtion as it 
adds weight to the pail, which bos to be carried to and from the houses, is rather a disadvantage 
than otlierwise, from a nmnnrial j>oint of view. After trial at Boohdale, this system has been 
modified by the employment of a jjail, similar in every respect but omitting the absorbent lining. 
The tubs emj^oyed consist of a paraffin cask out in lialf and furnished with handles. A strong 
cast-lvon rib, Fig. 2201, is fixed in the inside of the tub, about throe inches down, to form a stop for 
the liA Galvanised iron tubs have been tried, but as their first cost is double that of the wooden 
ones, and as they only last about half the time, there does not appear to be much advantage from 
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their use, although they are oommou in some places. At Birmingham, (^vauized tubs, ^^gs. 
2202, 2203, are in general use. The oloseU in Rochdale ere all numbered consecutively, and a 
systematic collection from each of the six districts into which the town is divided, is oarrie<l out ; 
by a well arranged mode of bookkeeping the collectors are checked in their work, and any omission 
at once ascertaint*<l, the work being done in the daytime, and every closet emptied weekly. The 
closets are proWded with a door giving access to the space under the seat, and when the tub is 
reinoveil it w at once covereni with a lid and plaoeil in a van. Figs. 2204, 2205, while a clean tub 
containing a small supply of disinfecting fluid is substituted for a full one taken away. Bach van 
is arrangeii to hold 24 tubs, and makes 5 journeys a day. In 1874, 5 of such vans in full work 
collected weekly fn>m 3354 closets in all parts of the town. The ashes and house refuse ore deposited 
in a separate tub, but collected at the same time. u v. * 

In many cases attempts have been made to deodorize the excreta by the application of absorbent 
materials, cither alone or in association with tlie |iail system. At Manchester a form of ash closet. 
Figs. 2206 to 2208, is extensively used. Fig. 2208 is a plan abtwe the seat. Fig. 2206 a sectional 
elevation, and Fig. 2207 a plan of the floor. A cinder sifter K is here altached to the clo^t, imd 
w'orks in combination with a jiail receptacle R. This sifter is so arranged that the ash is directed 


2209 . 



by a shoot on to the contents of the pail, and the cinders fall into a bucket, whenw tliej* may Ih» 
titken for reburning; it would appear, however, that there is Idtio to be gaincnl iti tint niethtHl 
of deodorization by the use of ashes, Ttie arrungeinent for the jaiil wystem with sejiamtc urine 
collection is illustrated by Fig. 2209. 

Probably the lie^t-known contrivance f(»r dtsxlorizing and disinfecting the <lej»osit in dry <jb>»ets, 
are those in which advantage is taken of the deoloriziug ({uahties of tiry t arth, which wi»re bnmghi 
into [lermanent notice by H. Motile. In these closets a supply of ettrth co itdned in a bopjKT 
behind the seat is thrown on to th«* cvmlents defK)siteil, by tiie action of an ordinary puU-up handle 
similar to the pull of the wah r-clost-ts, or by the wvight of the u.ser actitig on a balance seat or fwt- 
board, f>r by both c*»mbined. 

Bond’s ciirth clf»s**t is arranged so that the vessel fixed Ijcncath h) contain the dijec^tions, 
receives the li(;iuids and s^diils into M'pamtc c^anjHirtments. A box for the supply of the d<*odc>- 
rizing material, consisting of sifted ashes, is attu«'hed to the lid, and the fSTson on entering the 
closet raises the lid, and by so doing iiiHisuros out a charge of the dixslorizer ; on leaving the 
seat he clos«'S the lid, and by ibis iiieuns he tltscharges the ashes over the si did contents. Iti 
Mi>ser’s univer'^al cloH<^t, the dc'odorant storcHl in a chauilM.T at the 1>ack of the S(*at is sprtail iu 
measured quantities by a pair of iiellows uctuatcfl by a lever handle. Qtbsrm's dry closed has a 
movable shofd attacheil to a bopfnr. This refH-ives u small quantity of the dfHxlorizer, and dis- 
tributes it by ail action aiuiil tr to that <»f a shovel. There is idito an arrungenicnt for rtic^dving 
the liquid and conveying it direct to the drain. All sueli contrivances as tliese aim at econofiiizing 
the ipiaiitity of tht- dry derslorizi r, and it is argue«i that if the n»cr of tht» closet can lie prevailed 
upm to avail himself of rni'chanical miMins for d* fs|.irizalion he is as likely to avail himself of dry 
tiiaterial stored conveniently for tlic purpose, si^ithat it may thrown over the deixisit with a hand 
seofip. All rneclianieal devices are more or h «s liable t<» get out of order, aucl arc therefr»re ill 
ailapteii to rough pqmlations ; ttic supply of earth, too, aniormting to 4^ lb. a head, renders the 
cartage to and from the def*ots exceedingly gr» at wberi us*‘d for a large |>opij|ution, and the iirino 
has still to Ijc <lf*ftlt with utdess it is run din-ct into the sewers. Animal charcoal is such au 
excellent decs lor izer that when the liquid is kept n(»art from the solids, from ) <«, U> J oz. will sulfloo, 
if carefully distributed after each use of the closet, to remove all disAgre<*abie miiell from the Molhlz. 
The Carb-m I\rtilizer Conifiany utilize this methotl, an<l also employ a goricl zeparator pail for 
kfjeping the. liquids apart from the zolids. This is efl^-cbsl by a horizrmtal p*^rf«>mied diaphragm. 
This plan of f»e}>aration is the only one that answers where slo{>s are alsf) thrown into the pail. 

Lust of Itof^ks ofi Sanitnrt! Engineering. — ‘The Hanitary Drainage of Houzes,* by O. K. Waring^ 
jiin.. Clown 8vo., Boston, U.H,. 1879. ‘ Bytt-I.aws lU^ihittons for Hou#e Dratnagiq* by Ro^rz 

Field, 8vo., 1878, * Hanitary Workz Abro«Ml,’ by R, Manning, 8vo., 1876. ‘Sewers and Drains for 

Populous Distric'ts,* by Julius H. Adams, 8vo., .NVw York, 1880. ‘Hanitnry Engineering: a Guide to 
the Construction of Works of Sewerage,* by Baldwin l^aiham, 8vo., 1878. ‘ 'llie rnrifleation ofWater- 
carried Sewage/ by H. Robinson and J. O. Mellis, 8vo., 1877. ‘Sanitary Engineering; a Cemrse 
of r.<^tures at Chatham/ by J. Bailey Denhni, royal 8vo., 1877. ‘House llminago and Water 
Si rvice/ by J. i*. Tlayles, 8vo., New York, I87U. * American Sanitary Engineering/ by K. T. Pbilhriek, 
8vo, New York, 1880. ‘A Hand-Book of Fonntilsa, Tabk^ and Memoranda for ArchiU^ural 
Huryeyors,* by J. T. linrst, roj^al 32mo., 1879. ‘ Proceedings of the Azzociation of Bltinietpal and 

Sanitary Engineers/ 6 vf>b. 8vo., 1874-80, • Haiutary Work in the SmAller Towns and in VtUage%^ 
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by O. Blagg, crown 8vo., 1876. * Sewage Disposal/ by H. Bobinson, crown 8vo.» 1880. *Ten 

rears* Experience in Works of Intermittent Downward Filtration,* by J. Bailey Denton, royal 8ro., 
lK8l. ‘The Pneumatic Sewerage System/ by Isaac Slmno, 8vo., 1880. ‘Sewer Gases, their 
Nature and Origin,* by A. D. Varona, 18mo., New York, 1879. ‘ Dirty Dustbins and Sloppy 

Streets: a Practical Treatise on th« Scavengering and Cleansing of Cities and Towns,* oy 
H. P. Boulnois, crown 8vo,, 1881. ‘The Pluml>er and Sanitary Houses/ by S. S. Hellyer, 8vo. 
* Huggostiona as to the Preparation of District Maps and of Plans for Main ^werage and Water 
Supply/ by 11. Itawlinson. fcap. folio, 1878. 

SHAFTS AND SHAFT FITTINGS. 

Shafts for transmitting power and motion are the most generally employed, and also the oldest 
mechanical contrivances, and for tliat reason we should exf>ect to find them among the most perfect 
in their arrang«*raent and construction, but this is far from being the case; for if we examine 
the groat variety of couplings, bearings, and hangers, which are adopted by different makers of 
shafting, and the diversity of opinion which exists as to the relative merits of each system, we shall 
see at once that the manufacture and erection of shafting is far from being a perfect art either in 
prat'tice or in theory. 

In arranging the shafting for a mill, factory, or machine shop, two systems are open to us for 
adoption, the ono system bedng known as the overhead, the other as under-floor shafts; but 
excc»pt in oases where it may l>e necessary to employ very heavy shafting, or under very special circum- 
staiu^es, the system of under- floor shafts is one that should not bo adopted, fi>r they increase the danger 
of fire, anti occupy much valuabhs flour space. In regard to the first, especially in factories where 
flhrous material or wooden wares arc raanufacturctl, a concealed pit shaft causes more anxiety, and 
ctills f<»r more cireum.«}pe<dtoii, than a whole factory Ix^ides. Belts passing down through a floor 
carry with them, by the air currents inducc^d, mucli of the light dust arising from machines, and 
generally, wo may sjiy unavoidably, shavings or other dtdiris, so that shaft pits l>ecome in effect 
tinder-boxes. A piwe of iron, a stone, sometimes even a nail, coming in contact with an iron 
pulley running at a gn^at will cause a shower of sparks to be (lisriarged, and in an instant 

all is in flames. The air currents cau.sed by the motion of pulleys and belts iti a confined room 
carry the flames into all parts of the pit in a moment, and the result is often tlie de8tructi(»n of a 
factory. In re«|x-ct U> floor space, it is stx n at once that Ixdts coming down from overhead shafts 
to inaehines cotisumc the least possible amount of useful room, while holes cut through flt>ors to 
accumnifxhite Ults, with the safety cases which must surround them, consume much valuable 
sfjace; Upsides which the arrangi'mcnt of most fiw^tory machines, especially mtichine tools for iron, 
renders ov«Tliea<l countershafts imlisp<*nsahle. Another matter worthy of consideration in connec- 
tion with thi^> two syst<*nis is, that the cost of warming a factor^’ in winUr will often be doubled 
by renuion of a large miiulK'r of belts passing through the floors ; in such ciises, the shaft pit or a 
lower story has to be warincxl as well as the ina<‘hi!ie ll^tor. ami air currents 8W't*ep around 
openitors who attend machines in such a way as to render it impossible to keep warm: on the 
contrary, b» Its carried down from overheiid shafts tend to circulate the warmer air collected at the 
ceiling. A lim' shaft adapUwi for earth sup|»ort» and mountcil on masonry, is generally made from 
one-third heavier to twice us lieavy as a ^haft for the same dtity would b(‘ if snspentied from the 
ceiling. The fittings may Ik? of tlie eln^ijx-st construct i»>n, the In'^arings rigid and massive, pulleys 
iicmvy and iJnbainnc<Hi, and the cou{dings such as to with^tand torsional strain only. The cost of 
erwting on l arth foundations is also much leas, an«l the shafts l>eing in most cases hid from view, 
may run out of truth wiilnmt much inU rferiug with their functions. On the contrary, lino shafts 
a«lapt<vl for siisfxmsion to c^dlifigs, and over the machinery Uiey are to drive, require to be of a 
ininimuiu wtdght, and must lx* more carefully fitted; the Ixariugs should be pivote<l, and so 
arranged that tln^ shaft may readily n<ljust(f«! up or down to suit the settling of floors, or of 
pillars on which floors art" supjsirted. i'ouplings tm susjH'uded shafts have not only to transmit 
the torsional strain of the w‘t>rk jMprformed, init mu.*4t lx* secure enough to withstand the bonding 
strains from a shaft l>eiiig more or leas out of Hue ; and as the shafts an* one of the firnt objects 
fWN-n in entering u faetorv, it is necessary that they run true and without noise, the pulleys being 
tunicd true and balanctnl. 

A line shaft, us a maediino for transmitting motion, is made up of many parts, posseasing varied 
functions ; the in<lc])eiu]ent bars of which it is fornuHl iiinst each be made truly cylindrical, and 
they must then l>c secnrtdy uniUnl one to the other, by some coupling, of which many kinds 
exist, and will descriluxl later. This lino of shafting must then ix* supporbxi at regular 
ititervals in suitable In^ariiigs, whiclt must so arranged Jis h» allow the shaft to rtdate freely 
ulxnit its brngitiidinnl axis, while at the same time they snp|>ort and maintain that axis in a right 
line. The numlx^r and |K>siiion of these iHrariiigs will i\»gulated by the tH>sitiou of the wheels 
and nuUeys on thc^ shaft; but in all coses the Iwarings should be as near as pt^ssible to the 
cotiplmgH, pulleys, etc. It sometimes, however, happens that in a long shaft there may be no 
pulleys or gearing upon it ."('r several feet, and the distance between the bearings must then be 
arrangetl pro|iortionate to the stiffness of the shaft itself. Assuming 10 ft. as a safe distance for 
the j^mrings of an unloadoti shaft 2 in. in diameter, and that the deflection may in all crises be 
pro(iorttoual to the distance b«‘tweeu the bearings, wo have the following rules; — 


L = X 16)» or d =r ^L» -f- 10 

In which d rx diameter of the shaft in inches, and L the length lx»tween the bearings in feet. The 
following Table has Ix^en calculated by ibis rule, but it must be understood that Uie distances given 
apply only to shafts having simply their own weight to carry 


Diameter of (he shaft in it ichos j 1 1^ 

Distance between the bearings in feet .. .. j 6*3 } 8*3 


’ i i t ' ! i 1 

2 : 2J i 3 . 4 1 5 ! 6 I 7 I 8 

10*1 ll*7jl3 2 16*0 18*621 023*2 25*4 


4 A 2 
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Another rule gives the distance between bearings^ for shafts loaded in the centre, with pulleys 
not more than five pcM)es in diameter, as 

li =d25, 

in which d = the diameter of the shaft in inches, and L the distance between the bearings in feet, 
as before. 

The strains to which shafts are subjected in transmitting power are tlie torsional strains of 
transmission, transverse strains from belts and gearing, and accidental strains, arising from winding 
belts or other cause ; and of these three the last is always the greatest, so that if we make the 
shafting sufiicieiitly strong to resist these accidental strains, the other two may be safely dis- 
regarded. The torsional strength of a shaft varies inversely as its diameter, while its torsional 
deflection increases with the length. For those reasons the system has often been adopted, when 
erecting a long line of shafting, which has to give off power at various portions of its lenji^, of 
giving to it what may be terme<l a tapering form ; that is. the first section would be of suificiently 
large diameter to transmit the maximum power required, say 3 in., the second 2J or 2J in., the third 
2| or 2 in., and so on to the end ; but this system, except in altogether exceptional cases, is to 
avoided, us it at once reiluces the shaft to the natnro of a special machine. Any little saving in 
first cost which may be effected by employing these rcducecl aiuniett^rs, will Iw quite swallowed up 
by the increaseil cost and trouble of fitting and fixing ; while at the same time it does away with 
all symmetry of appearonce in the shaft and its fittings, and prevents all interchnn^^ or shifting of 
pulleys, couplings, or supports, from one section of the shaft to anotlior, which in the oust* of a 
rearrangement of the machines in a shop, or the introduction of new machines, is often a mutter of 
greut c<mveni**noe and economy. Again, if tlu' diameter of a shaft w’-ere calculated and fixcnl with 
reference only to the exact amount of |)ower to be transmitted, or if its diameter at various parts 
were Kased ujxm the torsional striiiu that w'ould be siislained at these points, such ti shuft would 
not only fail to me<^t the conditions of pmcticiil use. but would cost mure by such an adaptation. 

In pro|)ort inning shafts for belting much must be left to judgment, and bo dicteteni by Uiai 
peculiar sens*' of realising what is waiitc'd from previous exi>*‘rienc<*. There are in fact ho iiiuny 
obscure conditions widoh have to <lo with the matter, that any rule must an arbitrary one, if 
given for general application. The shafts with their supports should, however, alw'uys possess 
sufficient strength t*^ tear the Inciting asumler without dainag** to the machiner, for it is im|X)ssible 
always to prevent the accideutal wimling of a licit, ami when such an accident ths'S happ*‘ti it is 
always much easier to replace or splice the licit, than it would 1 k' to repair the sliafting or 
machiiu'ry. Experience has shown that for onlinary cases, when* the jiower transmithnl is applunl 
with toU rable regularity, a shaft 3 in. in diameter, with its bearings four diameters in i«*iigth and 
placed 10 tt. apart, and running at a sjieed of 150 revolutions a minute, is a pr«q>er size to transmit 
50 iiorse-power. A gem rally safe rule as regards strength is to make 

d = . 

where ir equals the width of the belt, and d the diameter of tin* shaft, both in inches. For ^*aring 
shafts nNjuire to U* stronger than for l>**lts; the motion being fiositive and la<*king in that 
elasticity witich exists in lH*it coiineclions. In the article on “ Ilelts and ih ltiiig,*" at |iHgc 1 12. will 
lie found a teble giving the horae-fiow*'r transmitterl by shafts of various diarneU rs at a s|M*cd of 
100 revolutions a miiinte; and in Table I., which is taken frf>m Ilox’s ‘Treatise on Mill Oearing,' 
are given the weights of round and tK|uuru wrought and cast iron shafts, from Jth of an inch to 
J4 inches in diameter. 

Tablx 1. — Weight or Siiaptb 1 Ftior in Length. 


Weight to lb 

Slz/- In ” 

iRcbe*. Wroagbt Iron. Csrt Iron. 


Weight in lb. 


Ststt* In 

ImbecL Wrought Iron. CSksI Irxin. 


Weight la lb. 


ptze in 

IfM^bss. W'rcyoglu Iron, 


Cast Iroit, 



Etonnd 

Square. 

Itound 

Sqiuire. 

R«jund. Square, fteund. .Square 


Ruuntl Square 

1 Ihmnd. Square. 

i 


042 


053 


038 

'048 

2t 

18-2 

23*2 

16 6 

21*1 

7J 

139 

177 

J26-5 

161*1 

i 


\VS 


211 


151 

•102 

2! 

20-0 

25*5 

18 2 

23*2 

7i 

149 

190 

135*0 

172*9 

il 


37*2 


474 


338 

•431 

2| 

, 21-9 

27*9 

19 *9 

25*4 

7J 

159 

203 

144*7 

184*7 

i 


CC2 


843 


G^>2 

•767 

3 

238 

30*3 

21*7 

27*6 

8 

169 

216 

153*8 

I9f;*6 

1 

1 

03 

1 

32 

' 

937 

1-20 

2^1 


:i5*c 

25*5 

32*4 


180 

229 

>163*8208*4 

A 

4 

1 

40 

1 

00 

' 1 

3C 

1*73 

31 

32 4 

41*3 

29*5 

37 6 


191 

244 

173 8 222*0 

T 

2 

03 

2 

58 

1 

85 

2*35 


37*2 

47*4 

33*8 

43*1 

8» 

203 

258 

,184*7 

234*8 

r 

2 

C5 

3 

37 

2 

41 

307 

4 

42*4 

54*0 

38*6 

49*1 

9 

214 

273 

'194*7 

248*4 

u 


35 

4 

27 

3 

05 

3*80 


47*8 

ESSO 

43*5 

55*4 


227 

288 

;206*6 

262*0 

•1 


14 

5 

27 

3 

77 

4 80 


53*6 

68*2 

48*8 

62*1 

9^ 

239 

301 

;2i7-5 

276*6 

n 


00 

C 

37 

4 

55 

5-80 


59*7 


54 3 

69*2 


252 

320 

229*3 

291*2 

H 

! 5 

97 

7 

58 

i 5 

43 

6*90 

.5 

i CC-2 

84*3 

60*2 

76*7 

10 ; 

; 265 

a37 

1241*2 

306*7 

n 

I 7 

00 

8 

00 


37 

[ 810 


72*9 

92*9 

66*3 

84*5 

lOi 

292 

872 

!215-7a48-5 

1*; 

; 8 

11 

10 

3 

\ 7 

38 

; 9*37 


' 80*1 

102* 

72*9 

92 8 

11 

320 

408 

218-287I « 

M 

tt 

31 

11 

8 

! 8 

47 

10-74 


87*5 

111* 

79*6 

101*0 


H50 

448 

1318*5 

407*7 


10 

C 

13 

5 

i. 9 

<55 

12 29 

0 

95*3 

121* 

86*7 

110*1 

12 

381 

486 

;846*7 

442*3 

2J 

11 

9 

15 

2 

10 

83 

13*83 

6i 


132* 

93*7 

120*1 

121 

411 

527 

:376*7 

479 6 

?• 

13 

4 

17 

1 

12 

2 

15 6 


112* 

112* 

101*9 

129 2 

13* 

447 

j 570 

;40C*8 

ra8*7 

n 

14 

9 

19 

0 

13 

6 

17*3 

H 

121* 

154* 

LlljBI 

143 1 

131 

483 

614 

439 5 

558*7 

n 

1C 

5 

21 

1 

d5 

0 

19 2 

t 

7 


165* 

118*3 

t 

150 2 

14 

510 

, 661 

472*3 

! 

601*5 
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In the United States shafting of oold rolled iron is very extensively employed in preference to 
turned shafting, over which it possesses the advantages of increased strength, hardness, and 
elasticity in a very marked degree. The making this cold rolled iron is a very simple process, 
as carried on bv Laughlins, of Pittsburgh, Pennsylvania, who have made a speciality of this 
manufacture, and by whom it is produced in large quantities, not only for shafting, but also for 
piston-rods, and for the flnger-bars, knife-backs, and guard-bars for reaping and mowing machines. 
The bars are first rolled hot, to within about one-eighth of an inch of their ultimate size ; they are 
then placed in acid, in order to remove the surface impurities ; and ore finally reduced to the required 
dimension by the special procsess of oold rolling. The bars thus made have a highly polished and 
perfectly smooth surface, and are as true as if turned in a lathe. The following table gives the 
results of a scries of ex|jeriments, comprising about sixty tests, which were made by W. Wade, of 
the United States Ordnance Department, for the purpose of testing the relative merits of hot and 
cold rolled iron ; and from them it will be seen that the results are greatly in fiivour of the cold 
rolled 

TaBLB II, — COMTABISON OF HOT AND CoU> ROLLED IrON FOR SHAFTING. 


1 

i 

iron rolled while \ 

Ratio of 1 
1 licrcaAe | 

Average 
Kate of 

j 



duo to cold ' 

Increaae 

1 

Hot. 

i Cold. \ 

Rolling. 

pt;r oenL 


lb 

j lb. 

1 


I. — Transverse Strats : — 


1 



Bars supporteil at both ends, distance between bearings 
80 in. ; load applied at C/cntre. 


i 

) 


j 

Weitfht trfiich gatif a /M^rfnarurnt net of ^ m. to 





liars, 11 in. square 

. 3100 

' 10700 

3-451 

I ) 

iUmnd tjam, 2 in. diameter 

, 5200 

^ 11100 i 

2*134 

h62-5 

>» *i »i •• 

1 0800 

, 15GOO ' 

2-204 

i I 

II. — Torsion : — 


1 

1 

i 

i 

Weigfit giving a pcnmincnt set of one degree, xrheti apptied at 



1 

1 

a distanM'e of 25 in. from the amtre of the bar : 





Ihiund bars, If in. in <liameter, and 9 in. between the 





|ioiuts of attachment 

750 

1725 

2-300 

130 

III. — CourREssioN : — 

1 




Weight giving a permanent set of in. to cotumns 1} in. 





long and f iii, diameter 

Weifjht giving a f>ernM9ient set to coiumns 8 in. lothj and f in. 

: 13000 

34000 

2-015 

161-5 

i 

diitmeter : 

' 




riuldlod iron 

; 21000 

31000 

< 1-47G 


Charcoal bhiom iron 

20500 

37000 

: 1-804 

IV, — Tension : — 

i 


I 

1 


UVi}//d <i sgnare ineh, giving a }H:rnytnent set to r-ods f in. 

1 

; 


1 

! 


dun tu' ter : 



! 


Puddled iron 

: 37250 

■ 08127 

! 1-837 

J as 

Charcoal bliKim inni 

! 42130 

8730G 

2-050 

Itrmking ireujht a sgxutre inch for the same rods : 





Puddled irrm 

1 557O0 

83156 

1-iOl 

\ -o 

Cliarcoal bloom iron 

1 50027 

00203 

1-050 


V. — Hardness : — 

t 




Weii/ht reqturcd to proihice egnal indentation 

j 5000 

7500 

1-500 

1 so 


The regular working strain to which a shaft is subjected varies inversely with the speed at 
which it is driven ; and this, on account of its infiueiice as regartls cc^momy in the first cost of a 
line shaft, would be a sufficient reason for amuiglng the* same to run at a high speed ; but there 
are other and weightier conditions which all tend to favour the same arrangement. And first 
among these is the saving of cost in countershafts ; for it is obvious that if the speed of the line 
shaft varies so oonstdorabTy from that required in the first movers of the mschines as to necessitate 
the empl^mcnl of one or more countershafts between the main line and the machine, not only 
will tho first cost of shafts, fittings, and belts l>e greatly increased, but also the cost of mainte- 
nanoo ; while the olsiUruction arising from belts and pulleys will also be increased. Tho pmctical 
limit of speed in a shaft Is, however, greatly dependent upon the nature of the bearings ; these 
should be pivoted to allow of the self-adjustnieut of the shaft, and should be four diameters in 
longth. For the Itearings of line shafts oast iron is undoubtcHlly, for many re«i8ons, the best 
suMtanoe to employ : it is tho cheapest and most easily worked into shape, wlule if kept properly 
oiled it is the most dumblo of metals, although the poorest if allowed to run dry ; with a pressure 
not exceeding 50 lb. a square inch, and oil well distributed over the surface of the Uix, the shaft 
will run on the oil used for lubricating without toooliing the surface of the box, the oil under this 
pressure is not squeesed out but will maintain its lubricating properties for a long time. The use 
of Babbitt's meicu, or other soft metal, is often advocated for bearings, and though there are many 
1 in which it may bo advantageously employed, its use for the bearings of line sliafls is to be 
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altogether discouraged- All soft metals, while they do not out when ^rmitted to run dry, as cast 
iron is sure to do, yet serve to catch tlie grit and dirt in the atmos^mere which finds its way in 
with the oil ; the soft metal holds these little sharp particles, and thus gradually grinds down the 
shaft running in it As an example of this almisive power of soft mettds, we may instance the 
means adopted when it is desired to grind down a cylinder of hard metal ; lead damps, very 
similar to journal Lnixes, ore upplie<l to the cylinder, and into these clamps oil and emery arc fed, 
tlie lead liolds the emery, and by the continued revolution of those clamps around the cylinder, 
the size of the hard metal is redttoed without any serious wear on the part of the lead. These soft 
metal bearings are generally advocated on the score of €HX)nomy, the following reasons being 
advanced in their favour, llie lx>xes for these bearings are cast with a recess to hohl the soft 
metal, and can be ust^d just as Uicy come from the foundry, thus dispensing with all lalMiur and 
cost of boring and fitting; the shaft is laid in its placn^ on the cast-iron shell, and the soft metal, 
previously melted in a ladle, is poured in, thus diliiig the recess and ensuring a lit. Against this, 
however, we have the following facts. The Ik>x cast with a recess, in order to ho of ecjnul strength 
to one cast solid, must be made nither larger, and tiiis increase of size, ns it inoroases the weight of 
metal in the box, will alsc) add to its eo^t. Again, Babbitt's metal costs mucli more than casl iron, 
generally ten times as much ; while the melting, pouring, and fussing over the job all take time, 
which means money. It may be safely said that a pair of Ciist-iron l)ox(*s can be planed on their 
faces, then Ix^rtnl to fit the shaft, and gnH>veil for oil passages, for less than oiie-hnlf the cost of the 
least quantity of soft mehil whic'h could be list'd in such a l>ox. For vertical shafts thtt Sidiielo 
curve is undoubtedly the true form of iM^nring to n^sist end-tliru&t with high sliced. The grc4it 
fault with all hearings, when the plane of the surfaces is tnnisverse to the surfaces in motion, is 
that they move on ca<‘h other at differtnit degrees of velocity : varying from tlit? centre to tho 
periphery, directly ns the diauicit'r. The iSchiolo curve of et]ual tangents is a thi?oretical, and for 
that matter practical attempt, to <»hviute this infraction of mechanical principles, by taking up 
end-thrust on surfaces having a uniform cMiiiection for r* sistifig Wf*ar. The incthml of constructing 
this curve is shown in Fig. 2*210. Let o Ik* the diameter of the shaft; bifK*ct the line n6 at r, and 
from c erect the line c </ iKrpt ndicular to a From c lay 
off any number of equal part.*^. as a./, &c. : join 

and in the line ch lay od the distanet* e(|ual to o 6 ; 

join /e\ and lay off the distance //', al.-^o espial to ./ and rf'' ' ''' I ’ ] i 

so prooeetl, joining the p«‘int last found, iis r, to the next f ' 1 

division in the line c </, as //, arid making each of the - Ja 

distances cc', / r, A A . &c,, equal to oA; then c', ^ 

/', tj\ h\ Ac , will be the |M-»iiii* throu;»h which to draw the X I* " " ^ 

curve as shown in tlie ligure. W. Sellers an<l Co., of \/ ' i 

Fhiladelpltia, have ador>tc<l a plan for htcpjnng vertical \ y , ' ^ 

shafts, which is almr•^t the veiy opposite of the old |M»int \ , ' 

theory, that of wide, flat surface's. A disc, or collar, is V. 

formed on the end of the shaft, resting on a corrcsjionding \ 'r / 

plane, in the face of which there are radial eiirvi'd oil v fi >’ 

gToovc.s, the action of which eorreMj»onds tf» the liirrows in V i , 

the faces of mill-storo'S ; the oil is h,Nl to these surfaces \ / 1 

through a central ojKJrdng, and di»chnrg«*d ii|M»n tin* \ ? / 

}K*ripiiery, returning through pf<*|>er channels to tho \ 

reservoir, to Ik? again tak< n up. This, for heavy thm.st \ , V 

and motion that is <*t»iiifmmtively slow, is no doubt 

as good a plan as can Ik* adopts for the end of Jij 

shafts. (See p. 158C of this Dictionary.) u 

J. Richarils, in his * Wooilworking Blachiriery ' and in pj 

his * Operator’s llandlxK^k,’ gives the fullowing |>articulars <r 

eoncenjing sijufting ; — 

“Shafting for ojsrating wotkI machines, like rH*nily evcrvtliing tdso fM^rtaining to ihem, require 
to be spcrial in many ri'ganls. I'he sjK-^'fl of the inuin lines should, lf»r tin* most e<*or»otnic ami 
simple arrangement, never be less than thri'C liundrf*d revolutions a minute, whieh is al(»ne a 
sufficient distinction from ordinary caaen to warrant the statement of its lictiig sfKs^ial. An average 
sfKKd for countershafts, or first movers in wthkI mitchines, is aWiit three titm's as much, which 


gives as a rule a prot>ortion of thrfs; U* one lK*twe«*n the pnlleyi* of the line and the counter shafting. 
Shafting r^f from 2$ to 3} In. diameter running at this h]kk^ 1 must lx* true as to turning ami 
struightness ; the pulleys must U? carefully ImlancfKi, and the bc*nrings long ami pivotrKi, with 
ciiix^fiil provision for lubrication. There is as n rule more Uflting to l>e carrii**! on the shafting of 
wood-working manufactr^ries than in tlio«sf5 of other kinds. Iritis is directly as the rutiouni of 
power employer!, with enough a<ldr?d to make up for the dry state in whicii the lielting has to 
opc^rate. The usual large amount of lilting makes a great strain ujirjui the bearings, esfsjcially as 
it must lie tightly stretched to obtain traHion- I'aKon iqiou the whole, a faeiory of this kind 
nvjuires the l>est of shafting, and the grr^uU-wt care in its operation, or else the delays from the 
derungenient will be frequent and long. 

“ The surlden starting of heavy machines by means of shifting lielts, or more especially by 
means of stack belts with tightening pulleys, subjfxds the shafting and its connecliofis to severe 
torsional strain, and is very apt to lorjseii the couplings unless well flthEsl or of the compriwiorm 
kind, wldch is in fact the only kind adapted to wood-working fach»rt<*s, and, for that matter, any* 
where else. A coupling that is driven on and wiKlgid, wc will not term it keyed, when oiM?a 
removed and then replaced ne ver inns in perfect truth ; l>estd€*«, at a sircoiid or third rvmioval the 
fit is destroyed, unless a tapered one. For wood-working factories grvsl (vunpriwsion couplings 
should bo used, such as will ensure the continued strength of the shaft ilircaigh the councoltoti. 
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and it so that no movement can take place by torsional strain. The keys should be deep ; 
that is, wide on their bearing sarfuoes, and never b^r on their back ; a rule that applies however 
in all eases, for nothing but the most clumsy and unmechanical fitting ever confounds a key with 
a wedge. 

** Pulleys for lino shafting running at high speed should bo light and true ; weight is to be 
avoided on account of torsional strain from momentum, and perfect truth is needed to prevent a 
kind of oscillation, or vibration that takes place when the strain of belts is not uniform ; in short, 
the shafting about a wood-working establishment should be first class in all respects ; whatever 
contributes to its good performance at slow speeds becomes doubly im]K>rtant at high ones. 
Pulleys for wood-cutting machines should be strong, and safe from the danger of centrifugal strain 
duo to hi^h speed. Cast-iron pulleys with proper proportions, and made of close strong metal, are 
comparatively safe with their rims moving 5000 ft. a minute, a limit, however, which should not 
bo exceeded. Huch pulleys are ns a rule turned ljuth on the outside and inside of the rim, whicti 
should be rather heavier than usual. Wo give a formula from the Industrial Works, W. B. 
Bement and Son, of Philadelphia, which furnishes proportions that are well adapted for high 
speed pulleys : — 


Diameter of pulley ~ D. 

Face of pulley = F. 

Diameter of pulley pattern ~ D d- ( 

/D *4“ F\ 

Face of pulley pattern = F -h y "jj|^ )* 

Edge thickness of rim. E = increasing progression, A = 8i, B = N = D. 

Centre thioknoHS of rim,C = *03 F -f E. 

Number of arms N ; when D > 12, N ~ 5 ; I) >> 30, N = C. 

Breadth of arm at rim, B = ^ inereiibing 1 in 10. 

Thickness of ann, T = J B, p irullel from rim to hub. 


22 * 1 . 



IMs. 

Pamllolr>grain of vreb, P = V 1^ 4- F, shown in Fig. 2211. 

M'eb of huh, W -- P -f T, as shown in Fig. 2212. 

Diameb r of shaft to be used =: 8. 

.H / " p 

End diameter of hub, 11 = — -f 8, or ^--5 4- S, increasing 1 in 16 to web. 

P * 

Metal thickness of hub, ~ when sot-screw bosses are usetl, for s p line add J toM, 

F 

Versed sine of facial curvature = - for high faces. 


2212. 



“ ilan^^rs. or sup|K>rts for c>verhoa<l shafting, have undergone more mo<lirication, and are 
produced in a gr<aiter variety of forms and plans of adjustment than almost any other detail in 
machinery. Tliat tiisU^ as to design has lioeu the mtiin n*as<>n of this is c^videiit in the fact that a 
minilwT of engiutwrs w*ouKl, with the same pit‘niisH«, geiu raU* al>out the some thing. A greater 
uuiformitv of strength, if not of ilesigu, wouhl oertainlv exist if it were not for the CAmtingency of 
witiding belts, witli <Jlher accidentH, that c*iii be set dowrn under the general he;id of ai'cideutal 
strain. In w<»<xl- working mills nn<i factories there is !e.s« danger fr«»ui wimling l)elts lucaiisc of 
their Itoitig drj’, but when such (u*cidents do occur they are more si rions 1 h cause of the greah^r 
width ami strength of the belts. Hence all hangers for wotKl-cutting machinery should have 
extra sin^ngih, espt'cially for overhcnul shafts, on«l l»e, with their su]>|>orts ami ’strong enough 
to part or U^t the U^Uing without other <lauger. To determine the cross-si'Ction of a iwmdant 
support that will do this is not an easy matter, but experience and judpnent will generally suggest 
nro}x>rtiotis that are strong enough. A <^ire<l section is, witliout doubt, the strongest one for 
liAngcm, which form no exception to the rule for columns or bt^atus, of dis^H^siug the material ns 
far ns possible away from Uie iiiuitml axis and on the fM^riphery. 

“ in pre|>aring plans for a wrHxl-working tnill, the shafting shonid, whenever pn^cticable, go 
across the building. By Indting fnuu one line to another at v»ne side of the rtK>m the whide p^wer 
is not iransmiitetl through the c'onpliugs, as in the of one centitiiiotis shaft to drive all the 
machinery. The work is also tlividiMl more evenly throughout the several lines, and this does aw’a v 
with the sup|iose<l ntH?t*8sity of having the Hue Hlinftiiig in swliiuis of various diameters, which 
prevents the iiitercliauge of pulleys from one shaft t4i another, ami often lends to cx{>ense and 
trouble. Tlie first He<'tion of shafting, carrying the main driving pulley, shouhl liave a <liameter 
equal to one-flflh the widtli tif the main driving bell, and should i>e siipjiortcil at each side of 
Hie main pulley \ and this section should nut be more than twenty diameters long between the 
brings. 

For wood simps, 2) in. and 3 in. shafting are the liest sixes ; 2} in. shafts arc ns small as any 
should be, and they should not, without st>me ini|K»rtaiit reason, exceed 8 in. in diametser. A line 
of 2| In. shafting will run safely and well at 250 revolutions a minute, or q 3 in. line will run 200 
fevduUous ft minute, if the bearings arc properly made, and it is kepi in line. 
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** Polleys should be as light as possible, both as a matter of economy and convenience, and they 
should be turned true and h^nced, balanced perfectly, no matter what their speed. The effect of 
an unbalanced pulley is as its speed, but it is never Imown where pulleys may have to be used in 
changing, and the oxdy safe rule is to have every pulley carefully bal^ced, no matter wl^t the speed 
may be at which they run. 

“ Couplings should ^ adjustable or compressive, not keyed on, or wedged on, for only such a 
key should be need as will not keep a solid coupling on. Hangers to support line shafting should 
always have their bearings pivoted, and adjustable vertically; for if the bearings have a vertical 
adjustment in the hanger frames, and are moved by screws, as they should be, it is a small mutter 
to take a ladder, a level, end a wrench, and go along the lino to level it; 100 ft of shading may 
bo adjusted in this manner in an hour, if the larger fcK.dtB are thrown off to relievo it from strain, and 
the shafting is straight and true. Shafting is not liable to get out of line horizontally, unless from 
the strain of belts ; it is, however, well to lino up as often as twice a year to be sure that all is 
right. A shaft may be levelled by almost anyone when the hangers are properly made, and can bo 
done at noon, or afto stopping in the evening, without interfering with the bosiness at all. To line 
a shaft horizontally is but little more troable if the bearings or hangers can be movi^ in that 
direction. Suspended hangers should have the bolt holes slotted for an inch or more of movement, 
and post hangers sliould have movable bearings that permit side adjustment Assuming that there 
is some means of moving the shaft horizontally, a gooa plan of adjusting is by suspending o number 
of plumb-lines tliat will bear against one side of the shaft, and reach down low enough to bo 
sighted from the floor, or for greater accuracy a strong line may be stretched about 5 ft. from 
the floor to gauge the plumb-lines from, as shown in Figs. 2218 and 2214. D is the ceiling to which 


2213. 



3314, 



hangers are bolted ; A the line shaft ; B the plumb-lines resting against the shaft, near to the 
bearings ; and C a horizontal line stretched below the shaft. The lower line, C, cun at the b<*gin- 
ning be set within about I- in. of the two plumb-lines at the ends, and the rest can then be adjust4>d 
to the same position by moving the bearings, or the end bearings can be? also adjusted, as the case 
may require. A ball of strong packing thread, ainl lialf-a-rlozen or morc' old screw-nuts for the 
plumb-lines, make the outfit, and the job can be well exc?cuted at but little exp^^nse and time, if the 
hangers are properly made, and erected so as to be adjusted w’ithout tn^uble. 

erc^cting a countershaft, the first things to be dctermine<l arc* the position of the machine it 
is to drive, and whether the htUing is cU-ar. When a line shaft is crowded with pulleys it often 
requires great care to place the counU^rshaft so tliat belts will not inb-rfero with each other ; it is 
no uncommon thing for a shaft to be put up, and then the discovery* made that belts interrere with 
others on the opposite side of the line shaft. Be careful in starting, that in the great {Hiint, n<it 
only in putting up sliafts, but in all other mc^chaiiical oiierations that involve cidculatiotis and 
accurate measurements. As an example, let us stippom^ that a countershaft is tr> lie orecteii, and 
go thiDiigh the various ofierations, one nt a time. Beginning with the hanger plates, these should 
l>c of hard woorl, long enough to reach from two to four joists, as the weight of the shaft and 
belting may re-quire; their whlth should i>e from one and a naif to twio<,^ tlie width of the hanger 
Isisc, and their thickness, as an approximate rule, one-fifth the drop of the ImngcT. When the ioista 
arc of hi'inlock, or harder woikI, and 3 in. or more thick, almost any kind of shafting can Ije Lung 
with safety on wofxl screws, or lag screws as thi^y are sometimes called, {laasing tlirough Uie hanger 
plate, and screwetl directly into the joists. Tti<^ screws should be of good size, not less Uiaii 
{ in. in diameter in any case, and long enough Ut puss into the joist a distance at least equal to the 
thickness of the hanger plate. A plate 3 in. thick requir^ witli east-iron washers, scr«*ws that 
ore 7 in. long; if one in each joist I in. diameter; if two in each joist | in., or J in. will do fl»r 
ordinary countershafUi. Having the fiariger plates ready, next mount the shaft in the hangers and 
invert them to stand on a level flora*. Fig. 2215, and after settling the shaft to see that the betarings 
are not crampc'd, and that the hangers siatid fair on their base, mcMisure between the Isilt holes 
accurately, or what is better, cut a short strip of wood to the length between the centres, marked c in 
the figure. If the shaft is to be placed to suit some pulley on the line shaft, measure from the 
contn>. of the lianger next the loose pnllev the distance to (he centre between the tight and loos«} 
pulleys, as at u; this should also be marked on the slick as the Imse for the position of the shaft : 
we will term it the driving belt line. l*bis belt line must then be detf^nnlnm and scritjed on the 
joist ; it is easily found from a pulley, or by measuring from a wall or girder that crosses the line 
shaft at right angles. Placing tlie measuring stick with this base mark, the centre between the 
pulleys, iq>on the belt line, next set out at each end for the wood screwsor bolts that are to hold the 
hanger (dates, bore the hanger plates, and screw them up at one end, but not hard against the 
joists ; b ave ) tn. or more for packing when levelling up ; then set the plates at right angloe across 
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the joiet, and mark the position of the joists so as to bore through the plates for the other screws 
whi^ can be done by swinging the plates aronnd, and without taking them down. Amin set the 
plates across the joists as accurately as passible by means of a carpenter a square, and i^k the 
boles on the joist for the remaining wood screws. In screwing up the plates they can be broiwht 
level by furrowing down on their t<^, with pieces of wood split in two or notched to acoommotote 
tko wood screws pieced between the plates and the ioist. To mount the haugcrSy if they have pivot 

2215 . 



boarinf^, os all ought to have, bore through the hanger plate for one l>olt by measurement ; no 
great accuracy is needed in this, unless the shaft has to come laterally to a particular line, which is 
seldom the case. Screw up one hanger witlx a through bolt, then remove the pulleys from the 
sliaft, put it in the hangers, then prop the loose one, or both, if needed, with a brace resting on the 
floor, or on a stage, as shown in Fig. 2216. For the next operation, procure a pole or strip of wood. 
Fig. 2217, long enough to roaoh from the countershaft to the line shaft, cut a notch in the end, or 
ilrivt^ a strong spike*, in the sifle, and let 
it rest on the line shaft nt L, and extend 
to the countersliaft nt C. By moving 
alternately from one end of the counter- 
shaft to the other, and driving tlie loose 
hanger to adjust it, a pamllcl is obtained 
mumi truer than by lines and measure- 
ment, and in a tenth part of the time ; the 
pi>ie can bo marked at the centres of the 
countershaft at each trial until the ends 
C/orrespond. Then bt»re the three remain- 
ing boles for the hanger bolts, put the 
pulleys on the shaft, and mount the whole 
in place. Level the shaft liy using a 
plumb-line alongside the pulleys, which, 
if they are true, will l>e found a more 
iiecuniU* plan than to use a spirit level on 
the shaft its**lf, >Viih a good pair of 
trestles at hand, and wood screws and 
hanger plat<»8 ready, an ordinary counter- 
shaft for belts from 3 to 6 in. wide sliould 
be put up ill one and a half to three houra* 
time by one man and an assistant. The 
time of erecting, and the aocumey with 
which a shaft can be ns well as the 
facility with which it can Im in line, depend greatly ujion how tlie hangers are made. If the 
bearings are pivoUxl, and arrarigixi to Ihj adjusteil vertically on the banger, it is but little trouble to 
keep shafts level. The Ixilt holes in the hunger plate, if slotUxi to allow for horizontal adjustment, 
will answer for pendent hangers without having the bearings movable in the brackets.*' 

Couplings for shafts should be of such a nature that tlie strength and rigidity at the pint shall 


2216 . 




be as great, if not greater than at anv ether part of Uie line, so that if the lino be subjected to flexure 
it will bond anywhere else than in tfio couplings. , , , « i a 

The solid half-lap coupling, shown in Fig. 2218, is recommended by Box as the best of all for 
amall shafU up to U in. or 5 in. in diameter, but Ru* larger shafts they beoomo very clumsy and 
lioaw This kind of coupling renuirt'S thoroughly good workmansbip, especially in the fitting of 
the Ian joint; the angle or level of tho joint fdioold no about I in. a Riot, and may be conveniently 
deaciitm by striking tlie arc?s cd and ef from tho oontro of tho lap a, with a radius of 6 in., and 
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Betting off in. above and below the centre in the manner shown in the figure. The ooupling box U 
of oast iron, and is secured in position by a hollow key, at the point a in the oross-section. Fig. 2219. 
One advantage in these couplings over many others is their safety ; there are no projecting bolts, as 

2318. 2219 2220. 2221. 



b 


in the fiango coupling, to catch the dress of workmen or workwomen, or to become entangled with 
a strap whicli comes oiT accidentally ; when turned and polished they are easily kept clean, and 
there are no bolts to shako loose iu \vorking. 


Table III. — rROPORTioNs of .Solid Half-lap CorpLiNOS, with Cast-iron Boxes. 


Diameter ot 

'riilckness of 

IMatneler of 

I-onjith of 

l>4‘n(rth of ; 

Shaft. 
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«i ; 

VZi 

1 

4 

n 

9 1 


8i 


25 

i 

h; 

sf ; 

5 

••ii 

lOv 

U.J 

4 
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The claw coupling, shown in Figs. 2220 and 2221, is rec«»mmended l»y Box in liis ‘Treatise on 
Mill Gt‘aring * to used for all shafts uInivc (j in. in <Uutneter ; Fig. 2220 is a longitudinal M-ction 
tiiroiigh tiie coupling, showing the shafts iu and Fig. 2221 a ertiss section on the liin> ah. 

When fitted tog^-ther i»y clipping, in the usual way these c<»iiplings are very exjxnisivc, and 
reonire giKxi workman.ship, but the ciXfNjns#* of this fitting may be entirely avi»iih-d by casting one 
half uf)on the other. In that case one half is cast in Siind. and this casting being imU^shUsl with 
the wo<Hlen |iattern hx’ked into it, another mould is taken from the jNittern with the wood |Hirt 
in the c<»|>e, and the second half i.s vatot ufsni the fir.st. A jKTfect fit is thus cibtatncsl without 
luliotir, and the* metal is chilled arui wears longer, m that this form of eoii{>ling is the eheap^fit of 
any; the first half must, of courts*, lie coateii with founders’ blacking when* the nndten iimtal of 
the secoml half eoim s iu contact with it, to pn‘vent adliereni'c. The sljriiikuge will bt* sufiicient to 
enable the two halves to Im se|kanit«sl when u«.*cess;iry, hut tlu‘y ahouM U* looked togidher, and so 
bored to ensure iKirallelism. This kind of coUjdiiig rcijuiivs to be well secured to the shaft by 
good sunk keys, as shown at a, Fig. 2220. 


2223. 2224. 2235. 



The fiangc coupling, Figs. 2223 and 2224, wn* at one time very generally tulopu^il by American 
engineers iu preh rence to the isilid lap or claw (Vaiplings als^ve de«cril>ecl. For goo*l work theiK5 
Cfiuplings should lie turned all over, arnl in any cas#? the two int<*nial fiicen must lx* turned to fit 
together accurately ; the bolt holes niust In; drill«*d out truly Ut match one another, and tlie liolis 
must lx; turned ]^iurallel througluiut, and fit w<dl. To keep iUv two hhafls in line with each other, oim 
of them should tmter the op{Kisit4: half coupling, | in. in tiie smallest siz 4 »i, * in. tit tncdiutii shafts, and 
J in. in 6dn. shafts, and so on in piT»|K#rtion. This proj«‘Ctirig end. or ilowel o, forms a very mrirmn 
objf;etion to the use of these couplings, as when dts<*rMtitecting a shaft it rc<|i]ires that the lalh r 
moved endwise to the extent of the lap, and this is oft«'ii a cause of much inwmvenieiice, for if a 
Iona: shaft is to be disomintNrled in the C4;iitre it not utifrc<|uefitly hapi^HTis that in ortlcr to move 
either part i in. endwist; several pulleys, wlw^ds, or collars must tm loi»ii« ned, while if the couplings 
are plac4.*<l against the l>earing«, as is oOtm the caw, such moverm tit is rt ndcr» d impossible. As 
the>o cotiplings d(«f>end for driving fjowor ♦ ntirely on the key, that jmrt of the work mt>st Ins well 
and firmly don© ; l Och half should be sccimnl by a sunk kf*y, as in Fig, 2220, driven from the tnsida, 
and cut c*ff Hush Isdore the c«>upling is put together ; and th© faCA^ should turm^tl true in its 
place after the ctiupliiig has Ixen keyed on the shaft, otherwise driving the key is apt to throw the 
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coupling out of truth. Another objection to the use of thene flanged couplings is on account of the 
danger arising from the exposed bolt heads and nuts. To obviate this danger, the coupling siiown 
in Fig. 2225 was introduced. This coupling is provided with a gmrd rim, c, to prevent the dang<*r 
of belts or clothing catching on the bolt heads or nuts ; this rim gives a stronger term to the plates, 
so that the latter can bo reduecKl in thickness and weight, while in many coses it also f>ermits the 
couplings to be employed as pulleys for driving l>e]ts. The dowel is formed by a sligiit inter- 
locking at the rim, as shown at c, in most cases not exceeding in. in depth, so that in disconnecting 
a shaft it rarely happens but that the supports by slightly straining the sliaft will allow a section 
of the latter to l>e taken out. 

The following table, giving the proportions for plain flanged couplings, is extracted from Box’s 
Mill Gearing * : — 

Table IV. — Proportions for Flanged Couplings, 


of i IMatmtcr of ; of ! of 'r,.-. I >iainot<"r of Diameter of 

Sima j Hiinge. I Flmge. Horn . Depth of Boaa. No. of Bolts. -Circle of BolU. 



The objections to these foriUH of couplings are many. In the cast' of the solid iialf-lap coupling 
the biirs to Ik* iinitt'd by it luiist l>e of nhs4ilutely tspiiil diameter, or they will wxm work Irnise ; and 
the littainmenl of this acenmey is an expensivt' oj»eration. Macidne.'* ean reatUly in? con.*«trueted to 
turn liars of round iron in tin* condition they conn* from the rolling mill t(» a nearly uniform size 
with u great raiii<lity, and at u very small co>t. By nearly uniform U meant that whi*n tne shafts 
ate ti'sted hy slitling over them u htundar-1 gauge thoy will l*e apparently <»f uniform diameter, but 
a cartful measurement will show* them to lie only approximately alike in size. This commereial 
aecuraey, as it may he Uirriiiwl, is easdy obtaimible by maeldnes find by unskillful labmr: fibsolute 
ueeuracv would iiiVfdvo more cosily prrK'esst s, and tlu* utnamt skill of the most exisirienctd work- 
men. When flangetl couplings are t'liijdoyod erudi half of tlie coupling has to lx* carefully aiid 
accurately fltUsl to the end of the shaft, and the couplings afterwards l‘nce<l in the lathe, and the 
holes ilril’ied f<»r the hiflts. This hid ing up prevents all shifting of couplings from one length t»f 
shafting bf ancdlu'r, os they lielong only where fitte«l ; while as each hair-c<nii>ling fKfssf sses its 
ct*m‘siK)uding titletl matif, on acfvmut of the U*U hoh*s, the whole length of shafting U'comes a 
s|KX^ial inuchiiic, of which no iH>rti*»n is interchangeable or can Ix' moved from the [vihition for which 
it was title*!. Again, if lliestf coujdings have t*» <lriven off two or iliree times for the purpose of 
changing pulleys, or for other n^ason, tliC lit will Ik.* aU'»gt‘thcr destroyetl. 

Adjustable or compression c*uiplings, as already ^tult**!, an' the only kind which should be used 
for lim* shafts; they are CMjunlly safe as uiiy other system of coupling, for their failure can only 
rf^su]t eiilur fnuii deficient strength in their pro|>ortions, or from very bad tilting; while the advan- 
tages arising fn>m their use, such ns a duplicating system, placing pulleys, and st> on. art' so 
npfiareni ns to lie self-evident. It may Iv further said that compressive couplings pr**jKTly con- 
structed do not cnuiic onc-tenth |>art as much delay and ex|»ense as those having a solid tit, and 
hehl oil hy means of we<lge keys. In putting on adjustable oniplings, they should be put oii with 
a vH*w removal, nil parts being wt'll and carefully oiU*d so as to avoid nil chances of their 
rusting fast. Iii order that theux' cmiplings may fullil the objects with which they are dcsigno*!, it 
is iKvessary that they should fullil the following conditions ; — 

1. The coupling should act iiidcpt'ndeiitly on cMich shaft, so that slight variations in the diameter 
of the shafts conneete<i will not eiiU.KO one to 1 k' mort* firmly gripisni than the other. 

2. The range of luljusimcnt should Ixi such as to suit the onlinary irregularities of diameter 
which must occur in turning shafts in an extHHlittoiis iimnncr, and tinishing at one o[H'ration. 

II. I’he couplings should clos<^ concern trical I y ujm»ii shaft'<, or. as Ihi.s is iinpracti*'nblo in a strict 
senso we rmiy say, l>ear ui»on thre** or inort' (siints, the nn>re exten.lcd sucli hearing tlu' In-tter. 

4. They should Ijo so construcUHi as to be inshiutly removable, aud so that tlicro will lx* no 
joints to stick fast by corr*>»i«»n. 

5. The strength of the coupling as to rt^sisting cither torsional *>r defleclive strains should l>o 
at liHist one-half greater than that of the shafts tvaniected. 

The double cone coupling of St-llcrs and Co, Fig, 2220, con sisU of two cones ti, Ixired to fit 

>ly on the abaft »; externally these cone fdugs aix* turmxl to an exacr ta|HT. and tit within tho 

rnul alull c, which is a pltdii cylinder of cast iron Ijoixh.! with ii iiiimnis.hiug tainr from each 

end. The oomw *j are drawn into the shell c by the thmugh bolts « ; these bolts are square to 
prevent Uiem from turning wlieu the nuts are acrewe*! up, ami they arc let into the exU'nud shell c, 
in th© manner shown tii tho figure, so as to constitiiW keys, whicli prevent the cones <i from 
turnttig in the sht*!! c, and In* Ihis means oonimuiiicaii' the* tiriving>tr;iin frt>m one c<»m» to the other, 
and fVom one shaft to the oilier. Tho cones a arc split o|>*'ii on one sule, anti «locply gmovcnl on the 
opposito side ; this, with the slots provided for the ladts, renders the cones <|uite flexible, although 





1100 


.SHAFTS AND SHAFT FITTINGS. 

their eroee-eection may be even greater than that of the shafts oonneoted. The cones a being drawn 
in simply bv the pressure of the bolts and nuts n. It is evident that one cannot be drawn into the 
sleeve e with any more force than the other, and consequently the pressure exerted on the ends of 
the two shafts must bo equal ; and therefore the shafts need not be of exactly the same size, in point 
of fact shafts of an appreciable difference in size may be as firmly held as if they were of the sumo 
diameter. When it is requiri^d to remove this coupling slack up tlie bolts, and if not then loose, 
a few blows upon the outer shell with a billet of wood will probably start it loose ; or a wedge, snoh 
as a cold chisel, driven into the split in the inner ooucs always loosens the cones and frees the 

223S. 



couplings. When this coujiling was first introduced it was snhjectcil to severe trials to test its 
utility. The experiment was made by coupling tw'o shufts, which were placed on three IxMiriogs 
10 ft. apart, the coupling btdng nesvr to the middle one ; and tliese liungers vrere so placed as to 
l)end the shaft 1 j in. out of line. These shafts so coupled were then made to revolve at the spoiHl 
of 250 revolutions a minute for many weeks during working hours, and yet the coupling did not 
loosen under this severe stmiu. 

The coupling shown in Fig. 2228, ami manufactured by Richards, I^mdon, and Kelly, Phila- 
delphia, deserves notice on account of its simplicity and the small cost of its oonstruction. Two 
strong semicircular caps a are bolted over the shafts in th<» manner of a common journal bearing ; 
the lower shell <? being continuous, and formed solid with the pulley c. The centre? flange of Uiis 
pulley is thickened up at s, so that the two ends n of the shafts are dowclled in this part, and the 

2229. 2230. 



keys m art) fitte<i in the caps, so as to be finnly gripjictl by any U nding of the latter, and also more 
readily to permit them to spring slightly to ae‘c<’mimodnte any irregularities of size in the shafts. 
The caps are made either of malleable or cast iron as circuinstaiMM^s may rot^uiro. The external 
pulley c can he made of any size to suit the purpose of driving machinery, and at the same time 
serves to shield the biilts and guard against dan^r ; sc» that in estimating the cost of tlieiK? couplings 
the value of a pulley can in most cases Ikj deouct#**!, leaving the coupling to lie computed as Iho 
extra iron in the bosses, and the additional fitting re<iuire«i over br^ring and keying a cominou 
pulley. 

In Fig. 2227 is shown nn end view of Crowon’s futtent coupliug, which, like those? already 
describfxl, nets indepeiiciently on each shaft. The sectional shell a is divid<xl transversely in iho 
centre of the coupling, and is forowl upon the shaft «- by mfirnsof Uk* screws c, which arc long and 
ta|)erc*d. The shells u btdng split on one side, an? sufficiently flexible m that when the screws c aro 
driven in there is a strong grip given ut thfjse points on the shaft. The solid portion at s affords 
a firm seat for keying ; the cored section extends Utrough the ccmpling. 

2231. 22.32 



Charlton*# shaft coupling, Figs. 2229 and 2290, is very similar to the above ; it consists of a casting 
of a cylindri(*al form extemafly, and cored out in the manner shown in the end elevation. Fig. 2229, 
This casting is lx)rod and has a key way cut in it, and the Inner portion is then cut through 
opi^iie the key way. After being placed on the cfids of the two lengUis of shafttng to lie coupled, 
which slmfts it may fit freely, it is tightened by screwing in the tapered bolts shown in Uie long!* 
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tudinal Motion^ Fig. 2230 ; these bolts oatiso the inner portion of the easting to clip the shafts firmly. 
The key a is only a carrier, and requires no fitting by hand, while the bolts b merely act as wedges, 
and are not subject to any other tensional strain ; and further as the two bolts at the one end of 
the coupling act quite independently of those at the other, there is no necessity that the two lengths 
of shafting connected by the coupling should bo of precisely the same diameter. 

Both these couplings last descril^ are very simple and easy to manu&ctnre, and they have 
been thoroughly t^ted with very satisfactory results. This system may also be adopted for fixing 
pulleys to shafts, for which purj^e it is equally advantageous. 

John Richards’ coupling. Fig. 2231, bmongs to the class of couplings in which a continuous 
sleeve is employed, and which act independently on each shaft only to the extent of the flexi- 
bility of the said sleeva In this coupling the sleeve or shell a is made thin and flexible to such an 
extent as to permit an inde^ndent action more or less complete on each shaft ; c are two strong 
conical thimbles which are drawn together by the ring collar e, provided with screw threads at s. 
The thimbles c could not of course ne drawn np sufficiently firm by means of the ring collar e, 
because of the friction of the screw s and of the joint at i; so that in applying the coupling the 
thimhloac are driven on by blows until the tension is thought sufficient, and we collar e is then 
screwed up as firmly as possible. It will be seen at once that the strength of this coupling to 
resist transverse strains depends on the shell a alone, but it is also evident that unless the 
thimbles c move on the sleeve <i, the ring collar e must be regarded as a firm connection between 
the shafts, and capable of resisting bending strains the same as a common flange coupling, except 
that the neutral axis will be in a aifferent position. 

Another of Richards and Ixindon's ingcuiuus couplings is showm in Fig. 2232. One half of this 
coupling consists of a common flange, ke^ed on in the usual manner ; the other half is compressive 
and adjustable. The advantages claimofl for this coupling were, that for each section of a shaft 
one end could at once bo freixl, so ns to put on pulleys, or for any other purpose. As the arrange- 
ment does not, however, admit of interchange from one shaft to another, and as each coupling has 
to be fitted to its place the same ns when two common flanges are employed, this coupling has not 
met with much favour. The shell <i is cxmical. and split oj>en on one side ; a screw collar c draws 
tho <y>no a from the ceiitr**, cau.sing it to grip the shaft with great force, while, by loosing the 
collar r, the cone shell a ran l>e driven back to release tho shaft, which can then be withdrawn, if 
there is sufficient room, without disormneoting the two flanges e. 

Next in importaiioo to the proper means for uniting tho various lengths composing a line shaft, 
come the supjtort for tho same. When shafting is suspended under the ceiling of a room, it U 
nrovid»Kl with what are calle<l hangers ; when it passers near to posts these hangers are changed in 
form and are called post hangers ; and when it iiesses over the tops of beams or near to the floors, 
it is carricHl on what are culled pillow bl<»cks. All these devices have oertaiu parts in common, 
namely, a journal hox or bearing to receive the sliaft. ami simie kind of frame to support and carry 
this box. As bus been already pointed out, all bearings for line shafts should be pivoted and 
adjusUiblo. 

I’i voting secures u fit of shafts in Uieir bfaring.s which is alhjgeiher unattainable with rigid 
bearings under the ordinary clrctiinshinces attending the erection and setting of shafts ; and as 
they ensure a fit of tlie shafts under all circumstances, pivoted bearings can be made long, and of 
ban! inehil, as alre^nly advtKruied. The difference in expense between erecting and adjusting a set 
of l>earinu;M for a line shaft which are pivoted ami adjustable, end a set which are rigid, is very 
great ; it being no unofuurnon thing to 8])end as much time in setting one rigid bearing as would 
have ai*rved to fix ten if the bearings luwl l»cien pivot«xl and adjustable. It' a bearing is formed 
rigid with a bracket^ or liolted rigidly, which is the same thing, the adjustment of a fit between a 
shaft and its IxHiriiigs is transferred to tho connection U twocn the brackets and the wall, j»o?t, 
foundation, or whatever they an? mounted on, and all the nicety of a running fit must be 
attaimnl in si^tiiiig such brackets ; Uu'ro is not only the difficulty of lateral atljustmcnt in 
orocting rigid liearings, but tlmt of the axial Oiliustment as well ; one is continually interfering 
with the other, and for several men to 8)>end a whole day in fixing and adjusting a single bracket 
is no uncommon oocurrence; while by having bo^irings pivoUHl and adjushxble, the fixing of 
hanger or briM7k<‘t plates l>ccomes an iMisy and inex|)ensive matter, and precision is attained by 
adjusting the bearings aJter the brackets are bolUnl fast. The adjustment of liearings has, how'over, 
its chief importaiico in the miuntonance of shafts; for freedom from accidents and reduction in 
reimirs of line sliaRs, de|Kmd on their being kept in line, presuming of course that they are 
of pn>p<*r size and well fittiHl ; and if the bearing *.'f a fthnft can be mljusttxi vertically by m6a\n8 of 
screws, it is so simple and inexpensive an opc^ration level such a shaft that it may ’be performe<l 
at regular inWrvats, at a nominal ex|)enm« and without the least detention, and thereby avoid 
Uie danger of accidents to the shaft, its couplings or bearings. Tlie evist i»f maintenance, repre- 
sented by lubrication, repairing, detention, Jce., is considerably reiluc^ d by the adoption of pivoted 
bearings. When a bearing is fonned of material os hard as cast iron, and with surface sufficient 
to prevent abrasive wear, which may lie tho case when such bearings are nivoted. oil may l>e used 
over many times and n^tain its lubricating iiower; while with short rigid bt arings of soft metal, 
oil when once used is wasttMi, because loathHi with metal dust. By using oil over several times it is 
not meant that the drippings may be caught and again |K>ur©d on a bearing, but that oil contain^ 
in a rest»rvoir win Iw foil to a liearing, and by tho motion of a shaft lie cin?ulatctl until tlie lubri- 
cating property of tlie oil is exhaiisUHl ; the amount of oil consumed in tho lx>arings of line shafts, 
when applioi) in this manner, is randy more than ono-fifth part as much as will be consumed and 
wasted it tsiur^ on at intervals and Ihi jiormitteii to run off am! be lost because hx) foul to be used 
a seooiid time. In respect to repairing, it is evident that Iwarings which do not wear will not 
require renewal, and that liearings which keep in lino will avoid those conditions which lead to 

tletwngenient and dett nthm. ^ i 

In Fig. 2233 is sliown a section of a hanger oousiructeii on the ball and s >cket principle. Part of 
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frame of the hanger is represented at a, 6 is the top box, e the bottom Ik>x ; these two form the 
journal box or bearing B, in which ttie shaft rotates. This box is provided, top and bottom, with 
spherical surfaces, so pltioed as to bo in reality portions of a sphere wliich has its centre in the 
centre of the axis of the box B ; </ and r, (Milled the plungers, are screwed into the frame, and are 
provided with cup-shn^d ends to clasp the sphericiu parts of the box ; and in these cup-skap^ 
ends the box B can rocsk to a limited extent in every direction. The screwed plungers d and e serve a 
double purjwse ; first, of providing the socket for the sphere to roll in, and sc^cotully, to permit of 
a vertical adjustment of the entire box to bring them in line, one with the other. At / is an oil 




dish to catch the drippings from the Ixix. It is quite evide nt that a shaft plaoeel in such a bearing 
will control the positions of the box, and will press uiiiforinly over the entire length of the liox. 
Figs. 22114 and 2285 are a front an<l si«le elevation of a sll^}K'nsioIl bnicket or hanger; Kig. 
2280 is a post hanger or wall-bracket; and Figs. 22.8J4 and 2287 are front and si<le elevations of a 
|>e4le.^tai bearing ; tliese are all pivoted and adju.stable bearings, (constructed on the uIk)V 0 principle 
by Itiohards and Atkinson, of Manchebt^ r. 

In Figs. 22.8.0 and 2240 is indicated a plan of pivoting for what are know'n as ofK»n brackets; 
the supfwrting bracket of this bearing is not shown in the iigures, ^%llich are merely diagrams to 



show the construction and In a vertical plane the liearing moves on the pivot at a ; the 

stem e providing for the other inov(»ment in a horizontal plane. I^iterol and vertical adjustment, 
within certain limits, i.H seenn^d by means of the net screws at m and the ring-nut «. 

A method of constructing a pivoted and adjustable hanger for coiintershafU, and on© which, 
in practice, has some advantages not common to such hangers, is that in Fig. 2241. The nutans 
of pivoting and (uljusting the bearing will lx? readily understood from tlie drawing, except as to 
the long range c^f verti(>al adjustment. This last filature is an expedient to regulate the tension 
of belts C4iming down to niocliiTies such as lathes. The priiici|»al object, however, is to avoid 
coufiled joints in the cone U*Its of lathes ; with hangi-rs constnirksl in this way, a lathe lielt can 
h*i ( ndh ss, made in one piece, and the tensiim Ite. r«‘gulated at will ; as the l>elt stretches* th© 
hangers can l>e set up by turning the nuts at a, care lieing tak<m to adjust both ends of the shaft 
thr^Mune. Tl«e bracket frame is cored out at c, large enough to permit a latcml adjustment of the 

1 c, so os hi keep the couiitenibaft in line with the main driving shaft 
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Crane’s adjtustable and pivoted bracket, with eelMubrioating bearing, is shown in Figs. 2242 
to 2244 ; Fig. 2242 is a side elevation, Fig. 2243 a section on the line a 6, and Fig. 2244 a plan 
view of the bottom half of the bearing showing the crwlle O in its place. The journal bearing B 
is ooniieoted with the hanger or bracket H by means of the pendent swivel-pin P, and is thus 

2241. 



ca^Mible of turning horizontally on a vertical centre ; this swivti-pin is cast in one with the upper 
half of tlio lH<»iring 11. and is adjiiKteil vertically by means of the w'rew-nuts S. The upper half 
of the iKtiriiig 11 is foriiifnl with a flange, at about the middle its length, to receive the coupling 
screws .s w’hich wM'ure the tw<» halves of the l»c»ariiig II t-ogetiier. In lower half of the Waring B 
is supfiorted, u|xm half-round trutinhais vc\ a cradle C, which is thus free to adjust itself vertically 



to the position of the shaft which it carries. The cradle C is of brass, and lined with i 
but would evidently Iw Indter if mmlc of coat iron, for the reasons already (lointed out. At the 
bottom of the cradle C is a proiecting tuho d, which di(>s into the oil-wtdl D, formcni iu the 
bottom half of Uio bearitig 1). The tube d forms a conductor for the oil, which is caused to rise 
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automatically from the reservoir D, and spread itself over the beariiig^surface of the cradle O, by 
the following means ; one side of the tube d is chamfered or recessed, as at d*, and thus the shaft, 
when driven, produces a partial vacuum in the tube, and causes the oil to flow up f^m the reser- 
voir, and so to lubricate the rubbing surfaces. 

YoUrath's improved hanger for line shafts is shown in Figs. 2245 to 2248 ; Fig. 2245 is an 
end elevation. Fig. 2246 is a side elevation showing the shaft in position. Fig. 2247 is an enlarged 
view of the bottom part of the hanger, and Fig. 2248 is a vertical section through the centre of the 


3245. 2246. 



last figure. The object of this invention is to facilitate the placing of shafts, the removal of them 
for any cause, and the replacing of th^m without interfering with the position of tlie bracket or 
hanger in which they are suspended. The hanger A is fimned with a circular opening S in its lower 
part for the reception of the journal-box or brass B ; a slot R is also formt^l in the lc»wer part of the 
hanger to allow the entrance of the shatt into the opening S. The box B has formed on its under 
side two convex projections r, which are separated from each otiier by an angle of about 60*^, and 
wdien inserted in the opening 6. it is held in position by a set screw C, which engages in a counter- 

2247. 2248. 




sunk recess formed in the outer surface of the said box. To strengthen the slotted part of the 
banger, and prevent its spreading by the w'6<lge-tike action of the projections c on the inclined aiders 
of the opening a clamping cover D is attache<l to the hanger by the screws G. The hanging 
of the shaft in its bearings is accomplished as follows : The Ixixes B Itaving been slipped on the 
shaft, the latter is f)assed through the slot K, as at Fig. 2246, and tlie clumping covers D are 
attaches] to the hangers ; the boxes B are then slid along the shaft, and brought into their proper 
positions in the openings S, and fastened in place by the set screws as at 6. 

Bmith and Ooventiy's put4:nt adjustable hanger, Fijjpi. 2251 2253, consists of a frame-casting A, 

having a planed vertical surface, to which is Ixilted the bracket B by means of two bolts 6 6' ; the 
l<»wer of liiese Ixdts, b\ acts as a pivot upon which the bracket B can swing laterally within suit- 
able limits, the hole through which the upj^er bolt, passes, being elongated to allow of this play. 
At the l)ottom of the frame A is a set screw s, by means of which the bracket B is adjusted 
vertically. The pedestal P is seated on the bracket B, and is held securely down to the same by 
the bolt c; in tlie centre of the underside of the pedestal is formed a turned projection o, upon which 
the same swings ratlially, thus afiTordiug a delicate adjustment to the shaft, and ensuring perfect 
contact without the use of fmeking. The licaring surface in this hanger is of cast iron, and 
is four fliameters in length ; one oil-cup and two tallow-cups, one on each side, supply constant 
lubrication. 

The following meth<xl of adjusting a line shaft is given by Joshua Rose in a paper in 
* Engineering *: — 

First, nr 0 |jaro a number of frames, Fig. 2252, called targets. These are formed of fdeoea of 
wood nailed together, with the outer edge face planed true, and having on one side a line 
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marked parallel with the planed od^e, and about f in. distant from it. This line is intended for 
use aa a guide in conjunction with the plumb lino B. The next proceeding is to stretch 
a line vertioally, parallel with the line of shafting, but sufBciently below to clear the largest 
hub of any of the pulleys upon it, as shown in Fig. 2253, in which A represents the shafting, 
B the largest pull^ hub, and C the stretched line. In a<l justing this line, however, we have 
the following considerations : If the whole line of shafting is of one diameter, the line C is set 

2261. 2249. 



equidistant from the shafting at each end ; but if one end of the shafting is of larger diameter 
than the other, the line C must ho set further from the surface of the shafting, at the small end, to 
an uinount etjual to one-half of the difference in the two diameters ; and since the line is suffi- 
ciently far from the shafting to clear the largest hub thereon, it makes, so far as stretching tho 
lino is concerned, no difference of what diameter the middle sections of shafting may be ,* tho lino 
should, however, be si*t true, as indicated by a spirit-level. 

“ Tho next proct eding is to erect the itirgois as follows : The planed edge is brought true 
with and barely touching the stretclu'd line, and is also adjusted, so that tho plumb lino B, 
Fig. 2252, will stand true with tho line, and when so adjusted, the target is naiknl to the 
post carrying tho sliafi-haiigCT. In tiei forming this nailing, tw'o nails may be slightly inserted, 
so as to sustain tho tiirget, and the adjustment made by tapping the target with the hammer, and 
the naUs then driven home, thi' operator taking care that driving the nails does not alter the 
adjustment ; in Fig. 2254, A is the line of shuiting, B are two of the hanger-posts, and C two 



of the adjusted targets. Having adjusted and fixed, in tho manner abo\o described, a target to 
each of tho posts supporting a shaft-hanger, remove the horizontid stretched lino C, Fig. 2253 ; then 
take a wooden stmight-edge, long enough to reach from one post to another, and beginning at one 
end of the Rafting, place tho flat side of the straight-edge against the planed eilgo of two torgets, 
at a distance of about 15 in. below the lop of the shafting, and after levelling the straight-edge with 
a spirit level, mark a line on tho phmed edge of each of the two hirgets, oven with the edge of the 
straight-odgo ; move the straight-edge to the next pair of targets, placing the edge even with the 
mark already made on the second target, level tho straight-cnlj^ with a spirit-level as before, and 
mark a line on the third target ; and continue this process until a straight and hori^ii tally level 
line has bt^n marked across all the targets. This operation is shown in Fig. 2255 , in which A is 
the line of shahing, B one of the hangers, and 0 tho targets ; D shows the line on the first target, 
and E the line on the socimd ; F is the straight-edge, levelleil ready to form a guide whereby tho 
lino D may bo carried forwanl, level and straight to target thrcH', and bo on across all tho targets. 
The lino thus marked is the standard whereby tho shafting is to Ixi adjusted vertically. For the 
purpose of this adjustment take a wooden square. Fig. 225(3, the edges A aud B of which ore true 
and at a right angle to each other. The line marked across the targets 1>, Fig. 2255, being 
15 in. below tlio centre lino of the shaft at the end from which it started, mark u|K)n the square. 
Fig. 2256, tho line C, 15 in. from tho edge A. To adjust the shaft for vertical height, apply this 
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gauge at each of the targets in the manner shown in Fig. 2257 ; and it is evident that the shaft will 
he set exactly true, when the mark C on the square comes exactly fair with the lines D marked on 
the targets. For tiorizontal adjustment, place a straight-edge along the faoe of each target, and 
adjust the shaft equidistant fr >m this straight-edge, as shown in Fig. 2258, in which A is the shaft, 
B the target, C the straight-edge, and D a ^uge, or distanc^ieoe. If these two gauges are applied 
at eviry target, and the adjustments made, as shown in Figs. 2257 and 2258, the whole line of 
shafting will he set level ami true. 

There are, however, several points during the latter part of the process at which consideration is 
required. Thus, after the horizontal line marked on the targets by the straight-edge, and used for 



the vertical adjustment, has been struck on all the targets, tlie distance from the centre of the 
shafting to that line should be measured at each end of the shafting, and if it is found to lie tNpial, 
we may proc<*ed with the adjustment ; but if, on the other hand, it is not found to bo c<}ual, wo 
must determine whether it will be well to lift one cuid of the shaft and lower the othtT, or make tho 
whole adjustment at one end by lifting or lowering it, ns tho case may l>c. In c**ming this deter- 
mination we must bear in mind whut effect it will have on the various Ixdts in making them too 
longer too short ; and when a decision is reached, we must mark the lineC on the gauge. Fig. 225f>, 
accor<lingIy, and not at the distance representt»d in our example hy the 15 in. 

** The method of adjustment thus pursutnl p^>s8esses the advantage that it shows how much the 
whole line of shafting is out of truth before any adjustment is made, and that without entailing 
any great trouble in ascertaining it ; so that, in making tho afliustment, the opcrah>r ac^ts intelli- 
gently, an^l does not ciunmcnce at one end uttf‘rly ignorant of whore the atljustmeiit is gvnng to 
lead iiim to when he arrives at the other. Then, again, it is a very correct motlKMl, nor dues 
it make any difT«'reuct^ if the shafting has sex^ttons of ditfererit diamehTS or not, for in that coho 
we iiuve but measure the diameter of the shafting, ancl mark tho adjusting line C'. Fig. 2250, 
accordingly, and wljcn the adjustment is coraj>h-te<l. the centre line of the whole length of tho 
lino of shafting will Iji? true and level. In further explanation, however, it may lie well to 
illustrate the method of apfdying the gaugo^ Fig. 2257, aud tho straight-odgu C. and gauge U, 

2^56. 22S7. 22&S. 



Fig. 2258, in cases where iliere are in the same line 8« ctions of shafting of different diametem. 
Hufipose, then, that iito line of shafting ha.«» a mid-section of 2} in. in diameter, and is 2 in. in diameter 
at one end, and 2J im at the other. All we have to do is to mark on gauge. Fig. 2256, two 
extra lin*^, I> and E, the distance between C and D, and also Ix^^twoen C and K, being in., that 
is half the amount of the difTerenoci in dtaineters ; then If the line C was at tho proper dUrtanoo 
from A for the section of 2J in. diametcT, the line D will Ixs at the proper distance for the section 
of 2 in,, and E at the proi>cr distance for the w^*iion of 2} in. in diameter. In like manner, 
for the iiorizontal adju^ment, the gauge piece I), Fig. 2258, would rcsiuire, when Dicasu ring the 
2J-in. fkr<'tion, to lie I in. shortcfr than for tlio 2-in. section, while for tiie 2Jriii. section it would 
rr^quire to lie | in. shorter tlian that UfSid for the 2}-in. section, the difference again being one* 
half the amount of the variation in the respective diameters. Thus the whole process is simplCt 
<ia«<y of accomplishment, and very accurate. 
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the line of shafting is suspended from the ceiling instead of from uprights, the method 
of pXDoedure is the same, the form of the targets being varied to suit the conditions. Tho 
process only requires tliat the faced edges of the targets shall all stand plumb and trae with 
the stretch^ line. It will be noted that the plumb lines B, Fig. 2252, are provided simply as 
guides whereby to set the targets, and are put at about J in. inside of the nlaned edges, so as 
to be out of the way of the stretched lino. It is of no consequence how long the stretched line is, 
since its sag does not in any manner disturb the correct adjustment.*' 

The flexible shaft is of groat service for such purposes as transmitting power to or from an 
ordinary shaft to mat^ tools, as drills for boiler work, brushes for fettling castings, and the like. As 
now constructed tiie flexible shaft is made up of a core, a case, and appropriate fittings by whioli 
the two are joined, and rotary motion communicated to one end of the sliaft and delivered at the 
other. 

The core is composed of a series of concentric steel wire coils wound hard on each ot^r, the 
direction of tho pitch changing with each layer. The pitch direction of the outside layer is *nch 
that thfi latter will tend to contract under strain, the shaft always running one way. The case is 
made of a hollow coil of square wire, with a slight groove on the outer side. The coil is covered 
with leather, the office of the groove in tho wire being to prevent the leather from slipping. The 
inside diameter of the case is slightly larger than that of the core, and the ends are furnished with 
iron ferrules to receive the driving pulley and the head-piece carrying the working tool. 

If a piece of core be mounted in bearings, and curved excessively, it will soon begin to heut. if 
set in motion, and will finally break. This contingency is provided for by making the case suffi- 
ciently rigid to prevent bending beyond the safe limit. There is some slight rubbing action between 
the wires of the inner and outer coils, but the effect of this is so slight as to bo imperceptible, oven 
in shafts that have been a long time in service. Tiie other frictional elements are those common to 
all machinoH, tiie wear of the journals and their bearings, and the wear of the outer layer of the core 
at pinnts of conbiot with the case. 

STEAM NAVVY. 

Figs. 22511, 2200 are of a steam navvy, by Rnston, Procter and Co., consisting of a rectangular truck, 
supported on four wheels, carrying the engine and l>oiler, wheel gejir, fixed post, and jib. The engine 
is vertical, of 10 H.P., two cylinders, and gives motion by a pinion u|>on its crank shaft, to the main 
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spur wheel upon the main hoisting drum shii^ from which the motion is commanicAted to the drum 
for swinging the iih, and the drum for drawing the bucket back. Tho drum for swinging the jib 
has a reversing friction motion for swinging Iwth wa^s. The bucket handle is regulaU^ by hand 
wheel and chain pinion, which give motion to a pinion at the top of the jib, gearing into a rack 
upon the bucket handle. The truck is provided with six strong screws, or lifting jacks, for the 
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purpose of steadying and taking the whole weight of the navvy when at work. The iib which 
carries the bucket handle is constructed entirely of plate iron, and strengthened with angle iron, as 
also is the fixed post and truck. At the bottom of the fixed post is a water tank for supplying the 
boiler. The buclcet is of plati‘ iron, and fitted with four steel pointed teeth, and a sharp steel nose 
where it first enters the ground. Improved propelling gear is also provided fur moving tue machine 
along the rails by a self-acting arrangement of reversing tooth gear, which communicates the 
motion to the front axle by an endless chain. A corrugated iron roof covers the engine, and the 
whole of the working parts, except the iib gear. 

Ill an account of some work executed by this machine, in the Min. Inst. C E. vol. lii., the dimen- 
sions of the cutting to be excavated were 3*0 ft. wide at the base, slopes 2 to 1, greatest depth 22 ft., 
smallest depth 12 ft., length about 15 chains, contents about 45,000 cub. yd. 

The navvy is placed upon the formation level of the cutting, on two lengths of large flat-l>ottomed 
rails, laid uix)n sleeiiers 12 in. by 6 in. deep, about 2 feet a]>art. A tramroad for empty waggons 
follows up the centre lino l>ehiaa the navvy, and there is a road on each side the machine for filling 
waggons, parallel to the centre roud, but at a level of about 8 ft. above formation. The wiiggous 
have to be bnmght up to a jKisition at right angles to tiie centre line of the machiuo, and din ctlv 
under the bucket for filling. The bucket describes a radius of about 20 ft., thus requiring a width 
of working room exerting 40 feet across the cutting. This is 8ocurt‘d by taking advantage <if the 
slof)es at the false level. The roads are connected at the mouth of the cutting by jxdnts, aini close 
iMihiud the navvy by jumps, so that nil rttiirned empties are passed up the centre road, and supplied 
to each side alternattly by horses through the jump. When fillc<l they pass out down the side 
rt^ad to form a train at the mouth of the cutting. In this way two waggons can 1 h> filled in a few 
seconds i»ver five luinuWs. The pn>cesa of getting the earth by the machine bucket may be best 
descrilxHl us jwring the surface from the iHittom to the top in a aetivB of strips, about 4 in. or C in. 
deep, from the c'cntre of the cutting to each side waggon, in the form of a IjAsiri, resi*mhlitig the 
inside of a conchoidal shell. The man iit the wheel regulates this motion, and may show great skill 
or otiterwise in its guidance, as the more rf‘giilar the iwtioti the less is the wt‘ar and t4*ar of the 
machinery. When the bucket reaches the top, the driver jil** roun*l to the waggon, dniwing slightly 
in from the fai^c by anoilier motion at the same time, and directly the booklet is over the waggon the 
wheel m.in pulls a string eonin-cte<i with a catcli to the trap-«loor, or hd, at the Ixdtoin of the 
bucktd, and the contents fall into the waggon. The cah*h-man refastens the ciih'h, having pre- 
viously thrown back any lumps which roll in its way, and the bucket returns and drops to the 
ground for another slice. Men in the gullet and on the slopes constintly out out the little Cf'irners, 
which lie out.sidt^ the Inisin or bucket ivelius. This is contiiiiit*d until the face IxM^omiin too far 
advanotxi fur the bucket to reach, when the whole machine is movtd onward by screwing up the jmks, 
pulling the rails forward, lowering it down again on its wheels, and the navvy then advances by 
its own locomotion to the position necessary for a fresh start, an operation which usually occuidos 
about ten miniitt-s. This moving of the inaohino rw|uire8 U» lx? done alsmt four or five times a uay, 
and ut the close of a good day's work in a cutting, the navvy will Ijo about (i ft. in advance* of the 
position in the morning. 

(ircnerdly the harder and tougher the stuff, b the greater is tlu* saving over ham! labour. To 
suit the different luahTials ilie saine-six«<<i mnehttu* lias f>i?t?ii supplied with buckets of from 1 yd. to 
nearly 2 yd. capacity, the most useful siz*.* being tlio 1 yd. The working face may be as much as 
20 to 25 ft. deep, the dccficr the Ixdter, other things Ixiiiig equal, as tlieii less prr>|iorUouaU? time is 
lost in moving forward the machine. In this cMti also the kind of material fixes the most 
economical d«*pth work at. Cuttings in which Uierts are two waggon tracks will give a much 
bc-tter result than tiesic in which thei>-‘ is only rar>m for one track, there lieing lt.*ss delay in bringing 
up the waggMiis, and u less av»*rage distance swung round by the jib. The last objwJtioii applhsi 
abi to machtiics worUiug a bmgitudinal fa4.*c^h(?ii more time a day is occupied in moving forward, 
owing tri the jib having but tw'o-thlrds the range of cut that it has when working in a gullet, ex- 
cavating om-third b-as material U;twoen each fr^rward movement, and riffcesMitattiig a forward 
iiiovt'ment iie»r(' frcf^uenlly, in the proporti^m of 3 to 2, an im|K>rtant iit*m in the long run. It is 
alnio.'it sup« rflu.*UA to add that the grfwter the coTiU?nt of tin? excavation the mort? profitable is the 
return, less linn* and money being ex|Maided proportionately in fixing and getting tlje uiachine to 
work. 

In conclusion, the advantages of the sUwm navvy may b<? summed up as follows. It will 
excavate* an I de!i\er into waggons 500 to (KKl cub. yd. of stuff a diiy. It is suitable fr»r any kind of 
material, fn>m sand and graved to the toughest clay. It will turn out work r«?r|uiriftg fifty to sixty 
navvies to accomplish by hand. It can readily bo handbxi by two tiK*n and a lajy. It offi*cta a 
great saving in time, and can Is? auickly set U> work in situations where it would lx> dilllcult to got 
the rr?<| III site hand lalxiur, and till more so to keep togetlier a largo Ixxiy of men. 

STEEIi. 

In the onlinary lk?Hsr?mer cqieration, when (he flame droM, as olsterved by tlio naked eye, or 
when th<? carbon liutT?* disapticar. fis more accurately olwsirvea tlirough the sj»<x!lroM*opo, Uiere still 
remain in the metal sf/iiie liundnxlths of a fier cent, of carbfin, silicon, and all the phosphorus 
w hich the meUil originally contained. Further bbywing would oxidize the iron itself. But if tlio 
slag in the converter, iristemJ of Wing acid, chiefiv silica, as in the ordinary operation, is baaio, 
chiefiy lime, a small part of the phosphonis will be found in tlie slag, instead of in the metal, 
when the flame drops. And if the blowing is further continued for two or three minutes, all the 
phosphoniH, excepting a few huiidnHlths, will lie fimnd in the sU^^, and the inm will not have Uteti 
mmdi oxidizixi ; it will Imve lieeti protect«si by the phosphorus, Cbemists disagnte os to the precise 
njactions which occiar. It is sop{xise«l that phosphorus is al wavs oxidized by Uie air blast, and Uiat 
it constantly returns to the iron in proaH*nc<j of an acid slag. It is octriatn itiai a basic slag retains 
the piiosphoros, however it may have obtaior?<l it. The basic prooeaa, therefore, oonsista of two 
things — the maintenance of a Ixuitc slag, and tlie afterblow. 
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The basic slag is formed by the addition of about twenty jjer cent, of lime to the iron cl^ge in 
the converter before or during the blowing. The basic slag is mainteined chiefly by making the 
converter lining of lime, and also by using iron low in silicon. An acid lining would be destroyed 
by the lime additions, and would vitiate the slag. The latter result would be produced, also, by 
silica formed by the oxidation of the silicon in the iron. The difficulty has been the limited 
durability of the basic lining. After much experimenting, practicable linings have, been made of 
doloniito bricks formed by wetting and moulding pulverized magnesian limestone, and then burning 
at the liighest attainable temperature. The magnesia prevents the bricks from crumbling when 
exposed to the air. I,<inings are also formctl by ramming hard-burned, pulverized dolomite, mixed 
with ten |jcr cent, of tar, into the converter. Ordinary firebrick tuyeres are used in lime bottoms, 
or tlio bottoms are rammed around rods which form tuyere holes. 

The afterbluw presents little difficulty ; its duration is soon determined for any grade of material 
and products. 

In order that the phosphorus may be thoroughly removed, there must be plenty of it. Silicon, 
tho chief heat-giver in the ordinary process, must be kept low. Phosphorus is also a heat-giver, 
but there must be enough of it to maintain, by its combustion, perfect fluidity in nearly pure iron. 
At a lower temperature the Bessemer process could not bo completed. Iron best adapted to the 
basic process has 2 to per cent, of plK>sphorus, and under 1 per cent, of silicon, also to 
2J |H.'r cent, of manganese — a heat-giver ami a valuable ingredient in steel ; but the manganese may 

dispensed witli at this stage of the oj[K;ration. The afterblow completely removes the silicon and 
reduces ottier impurities. 

Hpiegeleisen, or ferro-mangniiepc, are added to the blown metal, but most of the slag is first 
fjoured <iut of the convertor, so that the manganese shall not carry the phospliorus out of the slag 
to the iron. Otherwise the process is conduetcxl in the usual manner. 

The practical success of the basic process is chiefly due to the researches of S. Q. Thomas and 
P. G. Gilchrist. Their early nietlKsl of working was to charge the additions of oxide or iron and 
lime at tho same time into the oruiverter, and {xiur the molten lead iiiion them. The quantity of 
additions varied from 15 U) 25 per cent, on the metal charged, according to the amount of silicon in 
the pig iron used, but it was .so<m found that the oxide of iron w'os unntcessary ; berides, it cooled 
the oath of metal, and lime additions only arc require^!. After about thre^ minutes* underblow, a 
sample of metal was taken, and when the bath was sufficiently dephosphorized to give ductile 

mctiil, the Spiegel was added. 

William Hid ards, wbo has had much exj^eru nee with the process, described, in 1880, some 
converU’Ts at the ('leveland 8tc<*l works of a size and form wddeh he expectc<l would enable him to 
overcome some of the difficuUit'S ex|K*rieiice<l when working with the old converters on the basic 
svstcjii. Fig. 2261 shows the form and size of tho converter adapted. It is conoc'iitric, whilst the 
old coiivcrh rs an* c’ccentric. During the operation of blowing, the lime and 
metal are lifte«l by the force <*f the blast, and wdien that force is somewhat 
oxiKUuled the iiiahTutls fall again on to Uie bottom in the new form, whilst 
in the old form some [Hirtioiia w<»uld cling to the nose. The conct ntric fonn 
has aUo another ail vantage; it gives a much larger area of fl<x>r to work in 
by eiiiibling the metal to Iw |H)uretl into the converter when turned on its 
side with the nose {Kiiiiting away from the converter ladle crane, just the 
rever*4e of the present praeticx?. In Richards’ plan of operation the con- 
verter is first heatixl up with coke, m ns to prevent the chilling of the metal. 

'rhen a measured quantity of wi ll-biirum lime, nliout 16 |M.*r cent, of the 
• weight of molten metal hiixed with a small quantity of coal or coke, is 
charged into the converter, and blown till the lime is well heated. The 
molten metal is then iKiun-il on the lime additions, the blast of 25-lb. pres- 
sure is turned on, aiul the carlion lines disapptMir in about ten ininuUs ; then 
after about two and a Im If minutes* overblow, the converter is turnetl down, and 
a small sample quickly made, which is beaten into a thin 8liec»t utub r a small 
sh'am hammer, cfX)le<l in water, broken in twro pu*ce8, and the fracture shows 
whether the metal is sufficiently ductile. If it is not so, tlieu the blowing is 
prolonged, after which tho usual spiegol is addtxl, In'ing pounxl into the Indie, not into tho 
converter. In order to work e<*onomically, the meUd should do taken dirt*ct from the blast furuace, 
so as to avoid the cost of rcmelting in a cuj>ola, and to avoid further contact of the metal with the 
sulphur anti impurities of tlie coke. It is nt*t an easy matter to act^omplisii in a blast furnace the 
munufactun* of a motol low in silicon and at the same time low^ in sulphur. Richards has succceiled 
in making a mottUxl Cleveland iron with 1 iK'r cent. of silicon and • 16 sulphur, and white iron with 
•5 silicon and *25 sulphur, which, taken direct from the blast furnace, have Inuh made excellent 
steel. There is, however, another inelluKl of opt-mting widch obviates the m ci^ssity of making a 
particular quality of Cleveland pig iron. In the transfer system grey iron is taken direct from the 
blast fumHoe to the convertor without any consideration as to the jiercentage of sulphur, which is 
always low in grey iron. This grey metal is |>ourod into a converter with a sibeious lining and 
desiliconized, when, after twelve or fiftoen minutes’ blowing in tho ordinar}' nianuer, it is poured 
out of tVie oonvert«*r into the Itulle, and poureil again from the ladle into a converter lined with 
dolomite, taking care tJiat tho liighly silicious slag is prevented fioin entering the basic-lined con- 
verter. In the second converter it is only necessary to add sufllcient lime for the absorption of the 
phosphorus of the metal, and the blowing need not occupy more time than is necessary for the 
elimination of the phosphorus— about three minutes. ^ 

A, L. Holley pointed out, iu a |mper read before the American Society of Mechanics m 1880, 
that the maintenance of refractory linings in Bessemer steel converters iu such a way as to promote 
regular and maximum production, has bc»en the subject of more experimenting than any othmr 
feature of the Bessemer system, and it is still the least ih rfect and satisfactory feature, excepting. 
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perhaps the easting of steel. Linings are not only eroded by the meobanio^ action of the oharg^ 
but they are chemically decomposed by its various slags. The silica linings usually employed 
have, indeed, been so improved that an average of say sixty charges in twenty-four hours can be 
got out of a pair of converters, and the shifting of interchangeable converter bottoms, containing the 
tuyeres, is so rapid that it does not delay pr^uctiun ; but the repairing of the ^ed lining just 
above the tuyeres, where both mechanical and chemical action are most severe, is frequently the 
cause of delay, and the operation rapidly performed between heats is todioos and costly. The 
accumulations of slag on other parts of the lining must also be quarried out, else the conve^r will 
become too small for the charge. 

These are the conditions of maintaining silica linings : but tbedifhcultiosaro increased, probably 
about threefold, when the linings are made of lime, for tlie basic process. 

Basic bottoms and toyeres stand ten to fifteen charges, nearly equalling acid t>ottoms, and they 
ma 3 ' hii readily changed ; but basic linings, near the tuyeres, and also in other parts where abrasion 
is severe, wear rapidly and must be frequently repaired by cooling the converter and inserting new 
bricks, or patching in some suitable manner. The eon verier is thus put out of use for at least 
twenty-four hours, a very serious delay to production. From a wide oliservatiou Holley states that 
n basic lining is rarely ran above sixty charges without extensive repairs, and in some works repairs 
are made every time a bottom is set. With some irons tliere is also an accumulation of slag around 
the mouth of the converter ; its removal sometimes also causes delay. 

The output of a pair of converters in Europe averages about half that of a pair of converters of 
the same size in the United States, and is often less than half. The limited oudurance of basic 
linings in Europe is therefore a less conspicuous defect. 

There are two reasouablo conditions of improvement ; the one is to prolong the onduran^ of 
basic materials, so that their repairs can lie made with little delay, while tiie converter is in |;>osiiion 
for use. There seems to be little or no progress or probability of inimeiiiata progress in this direc- 
tion. The otlier is the rapid and complete removal of a worn lining and the replacement of a 
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repaired one. A third system is bi double or treble the entire converting plant. The only practi- 
cable way to r«*fdiice a refractory lining, which cannot be handled by itself, is replace the vessel 
which contains it. The worn portions of the lining may thus be repeircKl at leisure, in another 
|)art of the works, rattier than in position for use, where repairs woulcl retard output. 



An obvious way to replace an entire converter lining is to replace the entire converter. This 
system is already under constnictirm in Kurope, The motluxl is Ut lift the converter lK)dily out of 
its pillow'hhtirks. Figs. 2202, 2203, and convey it to the repair shed by means of an overhead 
traveller ; then Mating a r<*paired converter in place by the same means, Buch a plant is doubUcMi 
cheape r than a duplicate plant, and its ouiput should be materiallv greater titan that of fixed eon* 
verters. But the operation of changing an entire converter most he slow and tediotts. When 
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ftmogcment in such that pillow-blook caps are required, these must be loosened by unscrewing 
heavy nuts; then they must be made fast to the crane chain, lifted, traver^etl, and set down. The 
blast-uipe connection roust be broken, and possibly some platforms must be removed. Then the 
traveller is placed exactly centrally over tlie converter, ponderous chains are mode fast, the mass is 
raised high enough to clear surroutiding parts, and drawn laterally to the repair shed ; then the 
converter is placed centrally over its seat, and lowered and steadied, as it swings from a chain, 
into its pillow-bloc'ks. The repaired converter is raised, traversed, and set in place by repeating 
all these operations ; the blast conncjction is then made, and the pillow'block caps are lifted, 
traversed, steadied into place, and screwed down. If the converter is removed in sections, trans- 
ferring each section and making the r«‘fractory joints will occupy much more time. The cliimneys 
ana the openings in the side of the building must be high enough to make passage not only for the 
traveller out for the converter when lifted out of its scat, and for the chains that sustain it. A 
traveller of the required power, height, and length is obviously a {Kmderous and costly structure, 
and to work with reasonable speed it must have independent st^m power, since tlie hydraulic 
system of the works cannot well reach it. 

The method of replacing the lining proposed by Holley is removing only the shell of the converter, 
lowering it out of the trunnion ring easily and rapidly, by means of a simple lift and car, and 
replacing a repaired shell by the some means. No pillow-block caps, blast connections, nor other 
surrounding parts are touched; a dozen cotters are knocked out, the shell is lowered and run 
straight back to the repair shed, the new shell is run in, lifted, and cottered on. Tlie machinery 
anil transference are on the general level, and not 40 feet or more up in the air. The car may be 
luovc^d by a small reversing engine, or by a hydraulic eapstau, V>y moans of a wire rope and sheaves 
suitably arranged. The car runs against a stop, and the lift is perfectly vertical, so that the shell 
may Ixj nut in place by two rapid motions without the delay of adjustment. 

The lining may be heated ix*fore tlie shell is put in place, and bottoms and tuyeres separately 
r< moved, as at jiresr^nt. or they may lie taken away with the shell, and repaired without removal 
from it. In the latter cosf*, the shell must be place<l in trunnions, in the rt‘pair shed, so that the 
bottom may be turiasl downward for repairs. But if the Vxittom is first removed, the shell need not 
be placed in tniunions in the repair sIiikI ; the shell will stand mouth dnwnw'ard on the cjir, a 
|>osition rofwit favourable for repairing Ijoth the mouth an<l the lining alxiut the tuyere.s, which are 
tlie two places chiefly iiee<iing repairs. This is doubtless the better plan, and it saves the exxst of 
supplementary trunnion rings and turning gear. The converter may lie hung so high aljove the 
gf;nt nil level that the bottom and tuyere tK>x can l>e hauled out, with the shell, under the trunnion 
ring. In cast' the Ixittom is previously rt^moved, the eiroverter may be bung some 3 ft et lower. 

It has been reinarkcd that in American works converter bottoms are changed so rapidly that one 
is always n ady, even when tuyeres stand but eight or Um operations. Changing converter shells 
is mucli more rapid than changing Ixdtoins. The several operations of removal ami transfwrtalion 
are the same, but the converti^r lining must Ik? trimmed out to receive the ru-w bottom, and a 
refractory joint must lie made. The new shell has merely to Ite coitere<l o^. 

The conqiarative cheapm^ss of apparatus to change the shell, instead of the entire converter, is 
obvious. Tlie tw-o hytlrauHc lifts for removing the Indloms are inn<le heavier, and tliere are several 
cars <*f simple construction; this is Ujc eutirt^ extra apparatus. 7’he increase d c<»>t of the converters 
is not iiiqKirtant. In the other rase tlie travidh r. with its engine and the standards and turning 
geiur in the refiair shed, and the trunnion rings and pinions, the i-hief cost of the c*>nvcrters, for each 
s|iore shell approach in that of a duplicate plant complete. 

To avoid damage to the lift under the converter, in cas<.‘ the charge should Imrn through and 
fall U}Km it, tln^ lift table may he sunk sevenil incites Ik?Iow llie pit level, and covered witli sand. 
Fig*. 2t£64, 2205 are of Holley’s plan for quickly changing the 
converter without removing the trunnion. 

Tbo trunnion ring. Figs. 22(>4 to 2205, is of cast iron, with an 
inch wrrought-iron lining ; if a stex:! casting, it will not nquiro a 
lining, 'i'hero is a 2 inch imnular bc^twoen the tiunnion 

ring and the convertor shell, and the shell is prevente«l from 
shifting latomlly by means of the widgos Fig. 2265. The car is 
raised by the lift to receive tho sln ll ; or the shell* may he low'ercd 
by means of a fork on the lift {Kissing through the car. 

This construction of converb*rs has ltd the way to a general 
improvement in the design of the plant. The shells and l>ottoms 
may lie run out laU^rally into tho <K>nverting house, hut the s{)aoo 
hero is insufficient for eonv« nient repairs, and the shells fur one 
converter could not l>e well got to tho other. In ortUr that there 
may bi? on© common place for repairs, and ample room lH»lh for 
s{>are shells and spare liottoms, they must Ik? run out in rear of the 
cotivcrters. If blast fumaee metal is brought directly b> tho con- 
verters, this roar spacM? is not otherwise wsnUd, but if cupolas art? 
placid ihero, as is usually the case, they must be so anrangeil that 
ilie shells can |miss out under thorn. 

But the cupolas, excepting the s})iegel cuf>olas, may liest l>o 
placed elsewhere ; if there are blast furnaces the euiiolas may be so 
arrangfd near them, as to utdixe the same system of trRns|K>rt»ilion, 
hoisting, blowing, and hot bla»t. There should Ik? plenty of sfsiFo gas from good fumnoes to heat 
cii})ola blast Tlieai* ore very important considerations reganling both cost of plant and economy of 
working. And judging from the experience at many works, the disadvantages of hauling fluid 
trou some thousands of feet tii a railway ladle, an'> less than those due to crowding the melting 
department and its stock yard and appurfcnauces close l>ohind the converters. 


2264 . 
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Placing only the epiegel oupolaB, instead of the entire melting department, close behind the 
converting house, leavea its rear conipamtivoly open to firee ventilation, thus cooling not only the 
space around the converters, but also the casting pit. 

This arrangement provides ample room for tiie oonvoniont removal of slag, which in the basic 
process is very voluminous; one long dumping car placed under both tho converter and the ladle, 
catches it all; and as the bottom of the pit is on the 
general level, the slag is neither handletl nor lifted, tho 
car is simply hauled out by the yard locomotive and /f,' 

dumped. y ; 

Iron may be got to tho converters in a ladle, by 
various means. It may bo hauled on tlie general level, 
to one or more 1 mists, and run into slmrt spouts or 
directly into the converter months, or it may be drawn 
up a gradual incline, or liftcKl by a hoist to an elevated 
railway near the converters, and thenoi' tipj^ed or tapjted 
into them tHrectly or through s|muts. 

The laille may run to the converter mouth by 
various means, so as to tip directly into it, but tho 
application of (tower to the transportation is awkward 
and difficult, so that there is more or less delay. The 
ladle is dmwn by a locomotive to short, steep spouts 
Imding to the converters ; there is no lateral nor hand 
movement, and hence no delay. A spout Ictids to €»ach 
ctuiverter, cliiefly for the purpose of leaving the s|>aoe 
Itetwtvn the converters, where tho common spout is 
usually placed, quite free for the Spiegel ladle. 

The spiegtd cupctlas and their appurtenances occupy 
so little room that tliey art' placi^l, without interference 
with oth*T apj>aTatus, very near ami abt>vo the con- 
verters. A mil way ladle ri‘Ot‘ives tlie spiegol frtiin eitlier 
cu)>ola, and tips it vlirwtly into the converttT quickly, 
and hence completely by a short run and without hoist- 
ing or lateral nawement. It may W weighetl in transit 
if desire^!. Tho wide platfonn l#etv%'etu tlm convertors 
Is at other times frts' for bringing lime, scrap, •♦r other 
materials to the convertor mouths, and tliee>e materials 
are c<*nveniently ^l{^ed by the cupda hrdst 

The floor of the c»in verting noune is raise^l a few 
foot, m that tho pit-bdtpm may l»e on the geneml level, 
for the c*>nvenit'nt roinovnl of slag, as l)ofur<' e.xplain* d. 

The ground oiitsi<le of the converting house sh>jK*« gm- 
duaily V* the gen* ral level ; this facilitates the removal 
of pnHlucfs, and also the dminage. 

The plant tor i>*pdriig shells consists of two tnm- 
tabh'S, K'lne short railways, and a shod, also mme 
nlatfomis, and a lift for mat« rials. If bfdloms are to lie removed with the shells, there must also 
lie mount**! trunnhm rings and turning gi'ar, bW> a crane, in the «lH*«i ; but, as UTore explitinod, 
this secerns unm r»'asarr. Koom is allowed for rtqmiring four sht lU at a time, but the railways may l>o 
lengtlu n<t ii to a**<rr/rnmo«lam more. The plant for re|iatriiig liotb^ns oonsisU of short raifways and 
tnriitahies. a s|»acc for ramming Imttoms under a ahetl, and the lucessary cuons for dr>ing them ; 
alfv> u cram* w tdeh j-els the Isiltoms din*elly on the oven cars. If tiiyenwi of onlinary siJM» are used, 
U wt r oven.H ar« n**tuired ; if the liottiiin is all one tnyi itr, mmmiMl around rods, it must bumeil 
for two er thro** days, so that more and hotter ovins are mrceisiary. The requiring dcfurtment nmy 
obviously Is* amtngfd in other ways, to suit s|x«*L(l cases. 

The average output of the American plant, having two 0-ton to 7-t<m silica-lined c«mvert<jni in 
one pit, is tons of ingots a year. It w ill doubtless appear that the plant underr <v»nsideratton 

should prrsluce inf»rc witli basic linings, W(*auKO it has lO-toii convert^'rs, and nnuns of keeping ono 
of thvm in comytmt re|Kur, so that the converting cqs rations may follow one another without 
interruption. 

The advantages of c^tsting steel ingob in groufm from Wlow, that is, filling a number of moulds 
ftl the saim* time trrim one git nr nmner, art; s#i gr*.*at that manv plans for coating in this way have 
U**-!! brought forward from time to time. Tin* chief practical difficulty in casting in groups Uasl)oen 
to find *rf*me entirely satinfuctory m<'sh* of stopfx^ring the ingots, when the inouhis have Ixien fillerl 
to tlie r«*quir<*d h* ight. In wime casi'S they are sto|>|s*red in the ordinary way, by a thin iron idalo 
co%ered with damp umd and Wf*flp'<l down ; hrit to stop(x»r in this way six or eight moulds, all full 
ai the sttitie tiinc, liefon'^ any of them Ixrgin to lioil over, re<)uires care and skill, and tlio plan aim 
sucfiflees two of the chief advantages of grfuip Ciisting, the ideanmras and soundoess of tnu ^ 
the ingot, and th<; facility that is given, by fliiing up to a fixed stop|>er, for ooffiing to 
w< ight. 

**iigged>t a m# fhorl of making moulds for group crasting cIomxI at the top, with Uio exocp* 
tion of ji i.m:tll vent-hole ; a plan that gives a very scuind, clean ingot, liut wjoiwsitaliMi a differant 
m*«uld for each differi'tit wi ight to b«.* cast, ami rorHlors it diffieutt to gi4 out an ingot that may 
utick in the mould. Ireland uses a plain, hewvy castditm stoppor, drrmtKxI on the niatol afU*^ 
n-oiihl b Idled, such ss ia use*} in casting ingots of to*d tdev*! from crwcibCiai; astofipor of this 
however, run only be uscrd in |mrallcl moui&t, made In two |Mirts» bolted Of ootteiwd togethefi 
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in the 0 e« eyen when planed all over, inside and at the Joint, the ingots are apt to stick, and the 
moulds after haying been in use for a short time open at the joints, causing fins. 

A. li. Holley devised several modes of stoppering motdds, to be filled also from below ; but they 
have not come into general use. 

In Hackney's plan of stoppering, illustrated Figs. 2266 to 2273, the stopper used is a cast-iron 
block, about 2 in. thick, grooved round the edge, as in Figs. 2266, 2273, and of such a size as to 
drop freely into the top of the mould. A small vent-hole, about in. in diam., is drilled through it, 
and is made slightly conical that the metal may not stick in it. The stopper is fixed in the mould 
by two cast-iron wedges, as in the enlarged plan and section. Figs. 2269, 2273, and to avoid the 
neoossity for having numerous wedges to suit different sizes of moulds, or heights in taper moulds, 
the sloped face of each werlge is made in three steps, so that each is in effect made up of three 
weilges of different thicknesses, side by side, and by using either of the three wedges forming one 
group, together with one or another oi the three wedges forming the other group, the same extent 
of draw is obtained as b v a single wedge of the same taper and nine times the length. To set the 
stopiMir in the mould the latter is dropped over a post of such a height that when the stopper is 
placeil in tl»e mould and on the top of the fK)8t it is exactly at the height reejuired. A small 
shovelful of loam, such os is used in lining steel ladk^s, is then thrown in, and rammed into the 
joint by a rammer 2 or 3 in. broad, and about J in. thick ; the we<lges are driven in to fix the 
stopi>or in its place, and the mould is then roa<ly for casting. The loam, or mixed clay and sand. 
iischI should Ix^ only slightly damped, so that it will just cohere when presst-'d together in the hand. 
The post is adjusted Ui the rcxjuired height by putting packing blocks or rings at its foot to raise 
the mould or by ]>ucking under its bead, which for that pur{>ose may be made loose and fixed by a 
set screw in the siile. 

In order U) prevent the smioczing down of a fin of loam between the post and the inside of the 
mould, if the loam is rammed in too hard or if the rammer is thin, the head of the post should be a 
close fit in the mould at the height at which the shipper is fixed. For this purpose several heads 
are provided, or the lop of the post may be made i>evelh?d, Fig. 2272, and four small adjustable 
blocks plnce<l on it when it is in |>ositioti. These slide down the bcivelled faces of the post into the 
comers of the mould, aial close up the spaces through which loam might squeeze down. The only 
oiHJiiiugs still left are those at a o. Fig. 2272, between the blocks, and in arranging the moulds for 
casting ingots, such fis those for tyres, in which a perft^tly smooth top is required, these are 
closed by laving over them small Imme phK'es <if sheet iron before dropping the stopper in. Tyre 
ingots may lx* cast eitl\or in the form of sfiHd cheeses, the more usual plan, or with a core, in order 
to save punching. Btoppers for both tliesc* plans of casting are shown in Figjs. 2266, 2267. 

The nioulds when ammge<l on the base plate axe fill^ through a central git, with a branch 
leading into e^vch m<»uld. Th<* central runner is made in two parts, lockoil together, or clainj>ed, as 
shown ill tbo illustration, rings driven over th«*m ; or by rings put on loosely, and fastened up by 
woilges, in the same way in which the halves of ordinary moulds for casting tool steel ingots are 
put b»gethfT. Tlic runners may lx* linetl either with specially inoulde<l bricks or pipes, or more 
cheaply with onliuarv slightly dainixxl ladle loam, or with mix^ sand and clay, rimmed in round 
a wooden plug, which is then withdrawn. The funnel-sha(>ed top of the runner is in a separate 
piece, put in after the lining is cmipleted. The runners are tlrieil by setting them over holes in a 
thick cfisl-irori plate, heateil by a fire or a g.is-fiamc ; and, in order that the lining may dry readily, 
they should be perforated all over with J-iu. h<*les, plac^xi pretty closely together. Where there is 
plenty omtie jHiwer, to handle the runners, they are most conveniently made of cast iron, heavy 
enough to stand firmly their own weight in easting ; but where they have to he carrie<l by 

luaid, they may Ih> of light wrmight iron, llotli these forms of runner are shown in Figs. 2266, 2267. 
The light wroiight-iron niniicrs are l>oltiil or cottere<l down, when in use ; care being taken to cover 
the lugs and colters with «iiid, before Ciisting, that they may not l>ecomo clogged with steel 
spillittgs. 

The branrh runners leading into the moulds arc* best made of moubkxl and burnt bricks, set in 
recesses in the tK>tU»ui plate, and made firm by dry or nearly dry loam, rammed rouml them. The 
<d<l bricks may }>e worked uji, with a little frtvh plastic clay, just sufficient to make the mass cohere^ 
MO that but little new inntorml is requinnl. Where the bricks are u«€h 1 in quantity, they may be 
made in a machine, in the form of plain jupe, like drain piin s, open at both ends ; the hoi© in the 
toji being cut by luiml out of the unlniniiMi brick. The hole in the further end of the brick may 
eiUn‘r be filial up by a pteoe of cl«v, before it is burned, ox closed with a little loam in setting it 
in place. 

It is well known that under the conditions existing at most steel works ooiisidt ruble waste takes 
place, which could be avf >itle<i if tlie ingots were cast to the wt ight required. As a rule, the ingots 
are calculated at the rolling mill and onleivil of the weight of the finished article to In* produced, 
plus au allowance dclcruiinc<l by practice, and it is tbo problem for the steel works U> make tliem 
uf tills desiitxl weight. The only numiis U> attain this has up to the present day lH‘en the plan of 
culculatiou by voltituc, nr in other words the calculation of the ingots of a given cross section, the 
height Uriiig markiKl witli a chalk on the inside of th© moulds, and this mark forming the only guide 
for the workman to go by. 

WiUi this metluKl of casting ingots to a predetermined weight, no exactness can be expected, and 
to rettiody this Is the ohji-ct of th© urrangeroents, Fi» 2274 to 2281. for weighing steel ingots in 
the process of Uxuning, which have been di*signed by F. More, of the Klaiino Steel Works, Austria. 

In Figs, 2276 to 2279 the moulds stand us usual upon lx>ttom plates, and those iiiwn channel 
irons which am fastened to a base plate common to several nionlds ; in this manner there is suffi- 
cient room undemeal b to intri>duct> a weighing apparatus. This consists of a lever, arranged as m 
Figs, 2274 to 2278, the apparatus Udiig uioimted on a snitiible carriage running on mils, the weigh- 
ing gi*ar bi*lng also caistblc of being movini laterally by means of a rack guidinl in a frame, ^ that 
l*y turning ^lo pinion which gears into th© rack,Uio platform of the sotdecaii Ihj run out under th© 
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ingot mould to bo weighed, the toggle joint then enabling the platform of the scale to be at once 
brought up against the under side of the ingot mould, so as to take the weight of the latter. Thus 
in this case instead of the body to be weighed being, as usual, placed upon the scale, the scale is 
raised underneath the body. 


22f4. 2275. 2276. 



After the required weight of metal has been run into the mould, the operator that is pouring 
can immediately bring the table over Uie next mould, without reganling the weighing apparatus, as 
before he has east half the next ingot the apparatus will have be<*u lowered, withdrawn, and brought 
under the mould now to be tilled. In this way tho teeming of a charge is not delayed. The appa- 
ratus is closed perft'Cily, and so an accidental spattering round of tlie metal cannot injure it in any 
way, and for the same reason the attendant is protected by a siiield. Should any aeriouB danger 
Uireaten the apparatus, tlie latter can bo withdrawn and remoYcd immediately. The apparatus, 
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Figs. 2274 to 2278, is especially arranged fbr moving on a line of rails snnk below the level of the 
pit floor and outside the line of in^ts, as in Figs. 2279, 2280, Fig. 2279, however, also allows how 
a slightly modifled weighing machine can be arrangeil on mils inside the lino of ingots and on the 
level of the pit floor, if desirtKl. The apparatus should, if possible, be placed between the moulds 
and the border wall of the pit, which wall for this reason must be ]>ut back about 24 in. 



In another arrangement a scale is used which is stationary, and which takes hold of tlie mould 
bothnn plate from two sides. This is like weighing on twt> scales nnitinl into t>no. Th»> stationary 
scale is used in this case, us the pit is so arrang«‘d that the moulds run tij^on trucks, and the 
ladle remains stationary. The arrangement is shown in Fig. 2281, from which it will be seen that 
on the platfonn of the mouhl trucks two rails are rigidly fastencil, tiiese serving for the mould plates 
to rest upin. In this manner room is made for the setifo 

levers, which when the scale is put tjut of action are in 23 s i. 

the position iudioate<l by dotted lines, thus letting the 
bottom plates rnwa over them as the mould trucks are 
moved along. The tmin of mould trucks is so arrangml 
that when a mould to l>e weight^l arrives above the scale 
levers r, an exact adjustment of the mould is nrd neces- 
sary if the befiriug edges are placetl at sufficient distances 
from each other. The truck bf*.ing in place a cock is 
turned, and hydraulic pres^ire is brought underneath tho 
plunger x, which raises the main centre, and exerts a pull 
by means of the h'ver fixe<l at this time, 011 the con- 
necting roil z. This raises the om^-arme*! lever o, and 
by it the VsHtorn plate is, througli the levers u and r, and 
links f, raised and brought in balance so that the weigh- 
ing can prcxt^'Cil. 

Before casting, it is necessary to know the weight of 
the empty mould. This can >>e ascertainoHl in ddferent 
ways, either by making the moulds ftf one kind of tho 
same weight, by oorrecting the differences they originally 
show by shrinking on iron bands of different weight, or 
by marking the weight of each single mouhl in plain 
figures upon it, and from time to time weighing the 
moulds over again ol>serrc Ait 3 ' |K>ssihle altemthnis in 
their weight As the slifling weight on the scale bf.'am or lever is pat to mark the weight of the 
ingot to cast, the licaro is h(.*fore and while fmurtng in a downward fsoiition, towards tin* end of 
the pouring, it slowly begins to rise until the play of the scale indicates that the block has bc*en 
cast of the desired weight. 

STONE-WOBKIKG MACHINERY. 



Machinery is at pn^Mit employed for sawing, ^daning, and moulding stone, but except for 
ctmtraci work, where large blocks and slabs are reqoire’d of regular fliraenstons, stcine-oiachitiery is 
still restricted to the sfatfdal uses aUtve mentioned. 

It has lieen frequently attempted to 1110:1 the impure black diamonds for cutting stone, and 
althoiigli they are of such endurance as to stand constant use, yet there seems still to bo oonsider- 
abte difficulty, not in the eoristmction of tho machiinrs, but in tlie method of holding the stones, 
which remder them somewhat extensive for ordinary purjMxes. A diamond saw consists of a 
cotutium saw, either circular or reetprocating, its teeth ]:>t»inte<l with <UamorMU, which arc imbedded 
clamped in the ste^d, so as to precMcrnt a surface so ritnch wider than the saw blade as to permit 
the hitter to pass freely Uirough the kerf. 'V\ie slit or kerf, however, is generally wider than tho 
thickness of the diamond-|>oititcMl edge, which is the rr*suU nf granular abrasion beyond the teiith. 
It must not be inferred that the diamonds employc^l are larger in diameti^r than the thickness of 
the saw plates. By staggering ilmm, that is fixing them ultemaUdy first on one side and then on 
thf fdher, cvirresponding to the setting of a saw f«ir wrKsl, the oarbotis can be oomparativcly sniall 
and yet cut their way. 
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Pigs. 2282 to 2284 relate to a simple and effective stone-sawing machine. i « 

The machine consists principally of four uprights, each made of two semi-balks placed sutn- 
cient distance apart to admit of the vertical motion of the cross bearers a, cwrying friction rollers <?, 
upon which the saw frame reciprocates. The latter consists of two longitudinal pieces of angle 



iron conntjctotl togetlier at tlie ends by two piwen of flat iron. Fig. 2283, which form the means of 
holding the saws ut diflerent or etnial diHlaiices apart. The saw frame is thus ver>' light, and 
retiuires little ixiwor to move it The bearers a are suBjx'ndtd from chains running over short 
barrels muuntcil, at the top of the uprights, on shafts carrying al 8 ^> grm)ved pulleys, over which 
run chains from balance weighU, by means of which the whole or any portion of the weight of the 
saw frame and saw’s may be brought U) bear U|M»n the cut , , > . ^ a i 

At the uiub r side of each end of tlie t«iw frame is lixed a wedge-shaped piece of wood covered 
witli iron, ft>riuing an incline<l plane c. Fig. 2284, which 

at emdi end of the stroke runs up on the friction roller c, 22 ^ 5 . 

thus liftimr the saws and allowing of the supply of new 

sand to the cutting portions just os they bcjgin a new if 

stroke. The vibniting arm / Inmi the engine, by which M n| 

the saw fnuue is movetl. is atticlied t<» a flat bar d with M |||| ii 

sc^veral hohis in it, into which the pin connoetiug the ||l 11 

vibrating arm </ therewith, may Ik* shifted ns the saw’s ^ 

descend into the block of stone. This v«*rtical b.ur is ^ i HI 

ffrmly staywl, and in such a manner that it may be ||| \ li |u 

readily fixed in the positiim iudicudinl by the dotted M I 1 N 

lines, so as to keep the end of the arm / at such a lu I 1 hB 

level, that it may not tend to lift the saw frame when it lUl | □ RB 

is on the top of a largo block of stone, nor throw any \U1 || — ^ 

pressure in an obliiiMo direction u(x>d it when at the ^ j,. f 

botU>m of a block. The end of / is attached to a crank 

pin, the shaft carrying which is of a fixed level, so that fm W [' ^ ^ ^ I W 

the angle which would bo assumeil by the wm, without Ull ^ II 

some such arrangement as that desexibed, would m 
occasionally sufficUmt to grt*atly decrease or increase the 
pressure on that end of the saws, when at the top or ' 

TOttom of a block res|sictive!y. ' * K 

With an engine of alxitil 2| horse-power, ft rowgb , ^ » *v . 

maohiiio of this description will out 100 sup. ft. of hanl Portland stone m 10 hours. About 
seventy strokes a minute is found to be Uie best si^>d, and 16 in. to be the best length of stroke, 
the saud bolug worn out afUx having travelled that distance. Feo«ling m the sand by hand- 
suppHod water is adopted, us the saws most needing it may be given a larger quantity. 


1 c 
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Figs. 2285 to 2287 show tbe maohinery io use for sawing stone in large works in London. In 
Fig. 2285 four timbers of about 9 in. square and al>out 12 ft. high are driven into the ground, and 
are united at the top by cross timbers and by outside diagonal timber bracings, forming a compact 
and solid stand, ^tween the stand, and fixcni to tlie top cross timber, is vertically suspended a 
timber caUe<i the swinging boom. Between the stand moves the saw frame, which is suB|)ended at 
its four comers to the stand by means of chains. On the top are the necessary pulleys and drums. 
The sawing frame consists of two longitudimd oasMrou arms about 12 ft. long and 4 in. deep, which 
are provided at their ends with longitudinal openings to receive two wrought-iron Ws, which are 


3286. 
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about 6 ft in length, 24 in. in breadth, and 2 in. in ihtckneaa, between which the Mws are keved. 
One end of the saw frame on each side Is provided with a small arm bearing a slide piece, 
which serves as its rade and connection by sliding in the vertical slotting which is fixed to the 
swinging boom, and comes into action bv the down and upward motion of the saw frame. The 
suspension of the sawing frame is carried out as follows The chains attached to the end of the 
frame facing the swinging boom are ooilerl over and fixes! to the drum wlitch is placed on the front 
pillars, while another chain runs from the same point of the frame over tbe huge pulley fixed to 
the shaft of the back drum, which is placed on the top of each pdllar eairying a counteibalaiw 
weight. The chains or rt>pes of the free back end of the saw frame are oolled over and fixed to the 
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back drum, while again another chain fixed at the same point of the frame having also a counter- 
balance weiglit attached to it, is rutming over the large pulley placed on the shaft of the front 
drum. On each side of the stand are placed winches, from which endless chains are running over 
the large pulleys for winding up or lowering the frame with its saws. In a similar arrangement, 
but less complicated, the suspension chains. Fig. 2285, run from the two corresponding points of 
each side of the frame to a central drum on which they are fixed. Over a large pulley fixed on the 
same centre shaft, but placed outside tiie stand, is suspended a chain with a weight to counter- 
balance the saw frame, while a second endless chain running over the outer ring of the same 
pulley sets it in motion, thus lifting or lowering the frame. The forward and backward motion ot 
the saw frame, which is connected through slide pieces to the swinging boom, is effected through 
the cofinection of the latter with a steam engine or to a main shaft driven hy an engine. The saws 
are of malleable hammered iron, about 8 ft. long and 5 in. wide by ^ in. thick, plain-faced, without 
teeth. There are from five to ten saws, and sometimes even more, in one frame. The blocks to 
be out are either carried to the machine by trucks moving on rails, or are placed in position by 
means of steum cranes. 

The saw designed by H. Conradi is for the purpose of sawing blocks of costly marble into very 
thin slabs with as little waste as ix>B8ible. The slaba cut out of the same stone can be either of 
equal or different thickness, but have as nearlv as ^sible a parallcd cut The machine occupies 
a small space and can he easily removed, and be driven either directly by a steam engine or from 
shafting. Conradi has reversed the principle of the marble and stone sawing frames generally 
used. The principle of the ordinary saw system consists mainly in a to-aud-fro and an up-an«l- 
down motion of the saws, caiTied on by moans of a freely-susjiended movable br>om attached to the 
engine, the saw frame being moved in a fixed frame. Conradi transforms the fixed stand into a 
movable one, carrying tlui saw frame with it in its forward and backward motion, the latter 
receiving its up-and-dow’n motion by meiins of a suspension armngement. The arrangement is 
shown itt Fig. 228fi in sectional side elevation, lii the first design the frame consist^ of four 
cast-iron columns bolted firmly togi thor at the top and bottom, the fro!it pair being directly 
coniuw'tod the engine by means of connecting roeJs, while the utlior pair was guided by means of 
a guide bar Iniaring on a chair placisl behind it. They were provided with vertical grrx>ves 
running insidt* from top to lx)ttoiu for the reception of the saw bearers. For greater stability, and 
to obtain the cuts in the marble as straight and as {larullel as possible, the columns run on square 
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slides instead of rails, thus avoiding as much as possible the infi nonce of vibration to which the 
frame may be exposed through irregularities in tiio engine by the saws enooimtoring layers of 
different hardness in the material to l>e cut. 

The saw frame consists of two cast-iron transverse beams provided with longitudinal openings 
for the reception of the saws, which are keyed on one of the booms moving up and down in the 
grooves of the fipont ooluiuus, the other moving in llioso of the beck columns, which arc bi)lted 
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firmly tagetlier, Fig. 2287. The saw bearers are fixed to a longitudinal beam running from 
centre to centre of the saw bearers by means of vertical connecting rods, the bearers being sus- 
^nded by means of ropes, or chains, which, running over guide pulleys, are coiled round the 
arum of an ordinary hoisting crab, provided witli a brake fixed on the drum shaft. The brake is 
worked by a couiiterbalanoe weight on a lever, thus regulating the speed of tlio drum, and with 
it, through the winding up or unwinding of the rope, the up-and-down motion of tho saw bearers. 
At intervals of about ten minutes the attendant distributes tne sand and water used for sawing, and 
also effects the lowering of the saw bearers and places the frame in equilibrium by altering the 
position of the counterbmanoe weight on its lever. Tho pulleys for the ropes of the beam suspen- 
sion arrangement are carried by chairs or plummet blocks fastened to the ceilings, the driving or 
loose pulleys being placed on the shafts. The saw frame works with five saws. 

The practical difficulties found in setting tlie machine to work were the tightening of the saws 
and preventing the wear of the slide pieces from the water and sand falling on them. The first 
difficulty has been overcome by means of strong stays, which keep the oolumns and saw l)earcrs at 
the required distances. The second difficulty was met by fixing a cover to the foot of the column, 
and thus preventing the water and sand spreading around. 

As regards the stays of the saw bearers, they are usually straight wrought-irons bars of about 
1 in. in ^arneter. They are also made curved in order to allow any size of stone to be brought 
under the machine, and to avoid making the framework of too groat width. In some instances 
Conra<U found that the sawing could be efiected without fixing the stays to the saw bearers, if the 
nature of the stone did not require the saws to be very strongly tightened up. 

With regard to the work done by the machine, the cutting being obtained through tlio pressure 
exercised by the saw on the stone, the grit used thus entering into tho pores of Uie soft irou 
produces a "rough cutting surface. The resistance of friction to be overcome along the rubbing 
surfaces, the travel of the saws, and tlie pressure, are therefore the data to be considered. It is to 
be observed that some saws working with a swinging motion cut only four-fifths of their length, tho 
saws being shaped accordingly, while others cut with their entire length. The pn^ssiire of tlie 
saws on the stone varies aecoit^ing to the softness or hardness of the latter, and it is not much 
greater in a steam than in a hand saw. as the greater pressure does not give a truly clean out, but 
will rather tear pieces off tlie stoue, or, if the material is too hard, will beat the saw. Thortifore 
the saw is balanced until its pressure on the stone is equal to that exercised by a man, which 
Conradi ussuincs to be about 20 lb. 

Assuming tlie engine to be making 120 revolutions a minute, and ibe travel of the saw to be 
about 5 ft., wo have; speed of saw= 120 X 5 ft. x 2 = 1200 ft. The coefficient of friction of 
stone on stone being = 0*71 in cases of repose, that of motion lieiiig = coefficient of rejiose x 0*7, 
wo obtain therefore; work of cutting = 1200 ft. x 20 lb. x 0*71 x 0*7 = 11,028 fcK^t-jiounds a 
minute. Assuming further, in round figures, the weight of the cast-iron framework, with its acces- 
sories to be = ^ ton, it follows that tlie pressure on the slides will, w ith 1 ft. G in. stroke of saw, 
become 120 rev. x 2 x 1*5 ft. = 360 ft of travel, thus the work produce<l = JkiO ft x 1120 lb. 
X 0*18 X 0*7 = 50,803*20 foot<pouuds, giving, as the work of cutting = 11,028 fiioi-jioutids, 
work of frame motion = 50,803*20 foot-|K>uuds, a hdal of 62,731 foot-pounds a minute, or 

= 1*00 H.P. Taking the frame composed of five saws, the work of cutting will bo as 
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above; 1200 ft. x 20 Ib. x 5 ft x 0*71 X 0 7 = 59,640 foot-pounds, work of frame motion as 
before = 50,803*20 foot-jwiinds, inakiug a total of 110,443*20 foot-f>ounds, or 3*34 H.P. a frame. 

This result is somewhat higher as shown by practice results, the ooeffiuieut of friction and tho 
pressure on the saws apf>arently becoming reduced during 
motion, and therefore losing some of their direct influence 
and amount by working seveial saws together. With one 
frame a stone from 6 ft hi 8 ft. in length will be cut, 
according to its softness, to a depth of from 2 ft. to 2 ft. 

0 in. a day of nine hours. 

A further improvement made by Conradi consists 
in fixing the winding drum directly on the apfmratos, 
and in setting the machine on rollers for tho purpose 
of cutting ordinary stones. Figs. 2288 to 2291. This 
led Gonr^i to traiisforai it iut/> a portable machine, 
and to enable it by means of timber framing, l»earing 
the suspension arrangement of the saw frame, ir> be 
used on open ground, and to be carried from one building 
site to the other, thus enabling the builder or contractor 
to have tlie stories cut directly on the spot, instead of 
being sent to the stone sawing yard. Tne economy iu 
time and labour tiius obtainable is wortiiy of considera- 
tion. It is specially applicable for small buildings, where 
the contractor, after having the stones cut in one place, 
could send the machine to work at another place. 

The requirement of this kind of work is fully met in 
this machine, the practical value of which is hicreaiied 
by providing it with a lifting arrangement, and in using 
the drum for the up-and-down motion of the saw frame 
for lifting and lowering the stone. Tlie nuufiiine thus effects alt the manipulations recitiirod. Tho 
stone coming from the quarry is carted directly under the machine, where It is lifted Into posUiou 
ready to be cut. and when finished is replaoed in Ibe curt to be taken away. Tho timber mming, 
shown as driven into the ground, can also be placed on rollers and steadied by means of wedgos or 
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similar errangemoiita. The cast-iron framework. Fig. 2286, is placed on ordinary road rollers 
travelling overground hiid with gravel. The lifting apparatus is fixed to a bracket provided with 
a sliaft, and which is either fixed to the boiler of the engine in a temf>orary or permanent manner* 
In the former case several iron bands carrying the brackets are bolte<l to the boiler and secured by 
set serf.^ws. A driving belt runs from the engine pulley to a pulley on the shaft of the lifting 
apparatus, whore from another pulley another driving belt is carried to the driving pulley, which 
is kcyo<i to the drum shaft of the saw frame. 

During the operation of lifting or lowering the stone, the saw frame with its suspension 
arrangement is taken ofi^ but tlio puller's guiding the rope or chain, being fixed to the timber 
frame, remain. 

'i"ho dotted lines in Fig. 2286 show tin; different positions of the machine during its travel. The 
o|)eratioii of lifting the stone from the cart and placing it under the saw frame is seen at Fig. 2292, 
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the stand being then* rcpresonteil for the purpose of cutting stones on road rollers, showing that 
there is no difficulty in moving the siiwing npjmratiis placed on slid« s or on ndliTs, the machine 
iM'iiig rirmngeil so lus hi allow ihc tnie to be replace»l through the other according to the kind of 
w’ork to lx* execuUni. After the stone has l>CH*n placed, the lilting apparatus is thrown out of gear 
by uncoupling the whole uriuiigeiiient or by 

shifting the driving bidt on a loo.'^e pulley. Fig. 2293 . 

2287. The shaft of the lifting lirrangt nient is 
provided. Fig. 2287, with n fly-wheel, but as the 
ins-ration of lifting and lowering the stone 
takes only a very short time, these operations 
eould Ih* effeetiHl without it and with a gain in 
economy. The saw frame, consisting of its 
lauirers and saws. Figs. 22^7 and 2293, is* then 
put in (losition by attaching the rojn s, which 
have again bei*ome fr^^o, to the susiiension 
arrangement. The machino is set to work 
until the cutting is finisluHl, when the sus|H.*n- 
sion arrangement and the saw iranie an- ngii ii 
hiken away and tlu* lifting ap|Hinitu.i thrown 
into gear to lift the stone on to the cart tti l>o 
carric‘d away. 

Fig. 2294 is a gnmnd plan ; Fig. 2295 a 
longitudinal elevation ; Fig. 2296 an end eleva- 
tion; Fig. 2297,2299 details of driving disc ; 

Fig. 2298, if*p view, showing direction of 
screw and manner of working of a plant for 
sawing stone dcMnigned by T. (llaister, ami iisotl 
with Biicooss in the English eolonies. A is a 
saw frame of the ordinary description ; 11 a con- 
necting rod with two ends C" C ; D a pondultim for driving the saw frames suspended at E, working 
at thelower end in a guide F, by friction rollers, and driven by a conneoting roti G, attached to the 
niotot; H is an axle for suspeniUng the saw frames; 1 1, pulleys from which the saw frames we 
snspended by the bangers J ; thera are two central pulleys 1.*, which may he plticed in any position 
on the axla, the one being for balancing ilie fmtnes, the other tor lifting them from or lowering 
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them into their onts ; M is the point to which the axle H is extended from tho main framing Z, it 
is connected by an endless chain to the upper pulley N ; these two pulleys should be the same 
diameter as 1 1 ; O is a cog wheel placed on the same axle as N, and of equal size, it works the 
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croniK ctinyc rod susponiler P the rack tm the uijj><r cud Q, whitli l>eing se<mred on iho 
connecting ro<i B, and working in guides up the mndiilutu. kw ps the connecting rml on tho same 
level as the fraiins and travels iip and down gnides It at the same sf>ee<l ; the piilloyi 1 1 end L 
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taking the rise and fall of the sow frames ot each stroke, but wnveying the motion no further than 
their own axle ; one of tlie central pulleys Ij has a loose clutch, and may l^ keyed to allow the axle 
to work freely to tlie left of the frame, a considerable distance at each stroke, and communicates no 
motion to the pulley N or co^^ wheel O, except as the cut progresses; the hangers J work on 



vortical gnidos Sa with the friction rollers TT; these are adjusteil. w^n wo™. set mns: 
tlio suspending rods U U can nlso he alierfd at V to regulnto the sweep. 0“ rtroke 'u u 

on the min nxle H, a small break is placed to rcgulule the lift of tlic frame nt inch eUcke, U u 
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eontrolled by the weight attached ; W W are friction rollers secured by brackets at each end, they 
can be adjusted, when worn, by set pins Y Y. 

Figs. 2 297 to 2299 represent the method of shortening or lengthening tlie stroke when the 
machine is in full motion^ so as to give the saw frame the same swing when lifted to its utmost 
height, as at the lower part of the cut. Tlie face of the disc. Fig. 2297, is strengthened at its 
upper side, and revolves on an axle g ; n is the slot in which a block is fitted with overlapping 
flanges, holding a driven pin t, and sliding up and down in the slot ; k, a strong rod which passes 
through the block securea above and below, but allowing it to revolve. This rod is screwed at 
its upper end, passing through the rim of the disc, and terminates with a small wheel /. By 
applying friction at m, Fig. 2298, this wheel will, at each revolution of the disc, revolve in the 
direction of the arrow o, pressing down the blcKsk, and hhortening the stroke ; applying friction to 
the side n, the wheel will take the opposite direction and lengthen the stroke. 

The sand feeder is a hollow tube extending across the cuts, with perforations for the discharge 
of sand and water ; it is driven by a connecting rod ft, attaehcKi to the pendulum ; this can be 
lifted or lowered to suit the material to be cut, hy a rack above, and corresponding nick c btdow ; 
inside the tube is an agitator, kept in constant motion by a segment wheel d, and it is supplied 
with sand and water by a pijie at the line of e from the hopj^er above. The debris and water from 
the cuts fall into a oistcTU, they are then raised by edevators to a shaking table, where the silt is 
separated from the grit, the latter passing to an agitating cistern alxive, and theuoo to the 
feed pipe. 

F'igs. 2300 to 2302 illustrate gruphic.dly the diflcronce in the various modes of suspending stone 
saw frames. 

In self-feeders by machinery without balance weights. Fig. 2301, a is the fixetl point of 
suspension, ft 6 the extreme length of stroke, and the line cc tlie material to be operated upon ; when 
the frame is raised hy the backward or forward motion to the extreme |>oiut ft, it is lifU*d con- 
siderably above the material, and can only touch it at the d, the remainder of the stroke 

being altogether List; and immediabdy upon craning into eoutaot with the bottom of the cut, 
having uo elasticity, it crushes the sand at once inst 4 *ad of by gradually rolling it on the surface of 
the cut, the cutters afterwards running with little pressure on the stone without sainl with the 
trolly motion, in which the frames run with sweeps, on rollers attached to hangers, hut having 
eusp<‘nded weights, and driven by a rlisc, wij>i*r, or crank motion. 

Fig. 2300 ; the frame is shown level with the driving axle, which is the l>e«t jxisition for 
cutting; yet on the disc revolving in the direction of the arrow, at ivaiits c <• and //, the thrust 
and draw is downwards, acting against thelialnuce weight by giving ndaitional weight the fntirie, 
while near the two centres no pressure takes place; this pre.^sure is greatly augment^Hl when 
much above or below the loved of the axle, in wliich case, acting ult<‘mateiy, the balance of the 
frame is destroyed, so as to reduce to a great extent the work. 

The f>endu]um motiou. Fig. 2392, which has loss dt fects than the otlier two, but in still 
deficient. 1 is the frame, i the jxsndultim, A the connecting rod, and I the Icngtlt of slrtke. 
When set in motion the circle shown is describi^l, and on the frame lifting to its Ixilunci^ weight, 
by a thrust or a draw of at least six tons, in ordinary working, the connecting r(Mi slides up and 
down the pendulum with considerable friction, materially augmenting the {lower required ; and at 
the same time, when lifting, the frame retards it by friction, ptirtially overcoming the balance 
weight, and, when the frame fulls to the stroke, {lurtially faus}iending it, sfi the weight required to 
cut eficctually can only lie attained at one |K>int of the stroke : an*!, at the same time, tin- friction 
of the connecting ro<l with the p<‘nd u I um causes it to slip by jerks, preventing a higher 
Ix-ingattaine^l tlian from forty to forty-five strokes a minute, w'hile a much higher si»ee<l is desirable. 

In Fig. 2295 the connecting nxl su-npi nder is arrangeil on the front side of the pendulum, to 
convey a clearer idea of its o|>*,-ratiou, but it may lie plaet^l on Uio other side, which will prt-*vent 
the crossing of tlie band or endless chain. The axles of the jiulley X and wheel O ciin bo 
iengthenctl to the main fniming Z, w hen the jmlley M w ill work by the side of the piilh-y I. 

Fig. 2303 is a side elevation, and Fig. 2304 a plan r»f Ckxike and Ilnuter’s machine* for facing 
or moulding the edge of a stone, a is the driving shaft, o'u two loose pulleys. The pulley o has 
fixed to it a bevel pinion, and the shaft a has u|H>n it another pinion, ls»th gin^riiig into one Ixn’el 
whe«-l ft. The driving strap, guided by a fork r while running on drives the shaft o ami the 
bevel wheel ft in one direction ; when it is on o it driv»-s the whofd to which it is attacheil, and the 
shaft a in the opposite direction, ft' is a shaft to which the wheel ft is fix*'il. This shaft carries the 
rotating cutting barrel, or plah-s. The shaft a, by means of gearing r\ drives a screw d, or wliett 
c' is brought into gear with c" the screw is driven at a difiV-rent six-ed by a baud from the shaft a. 
e is the bed of the machine, on which is mounted a sliding table /, which is move<l to and fro by 
the screw d like the table of a lathe. /' is a transverse? slide, on which is {daci-d the stone to 
operated on. y is a standard which is mounh-d in Ixartngii, so that it can be turned round or 
raised or lowered by means of a screw and handle 7 '. This handle is slotted to rm^tvo a scraping 
too), which consists of a flat plate of steel shupcNl to the profile of the moulding, and which is 
s* cured in the slot by set screws. The rotation of the standard 7 is limited by suitiible sIoimi, so as 
to bring the scraping tool against the stoim, or to turn it ebar from it. A is a self>ar!tiiig reversing 
bar connected to the fork c hr levers A', and working like tliut of a planing machine. 

The stone to l>c operat'd on is secure<l ij|K>n the slide, the geartug for working the screw d 
being so set as to give the table / a slow forward travel. The cutters on the shaft ft' rotating while 
the stone advances, the ct^lge of the shme is cut to the form dtriennined hy the profile of the cutters. 
'Die slide is drawn back by means of a hand-screw A, so us to bring the fdge of the stone clear 
of the rotating cutU^rs. The scraping tool is brought around into position by turning the standard 
y so that its edge is prcsnented to the stone, and the gearing of the screw d is altered to give the table 
a quick travel. The stone? is thus oairhxi quickly p^t the fixed sorafier, and the opemiioii may be 
rtqieuted sc-veral times until the re<iuired finish is given. Instcoil of fixing the scraping tool in a 
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alot it may be held in a slide feat fixed to the standard g, so as to l)e conveniently adjusted. 
Instead of fixing the stone upon the slide, it may be fixed on a plate or bed mounted on a pivot on 
f acting ns a turntable. Tho stone thereon being turned round may be cut cylindrically, or by 
turning it tiirough any part of a revolution its edges may bo cut with a curve, or dressed to any 
desired angles. 

Fig. 2^105 is an enlarged section of a mollified form of tho machine, and is employed when it is 
desireii to mould a stone on both edges, or to saw it across from both edges at one operation. The 
bed of the mad line supports at / a sliding table moved along it by the travelling screw. 6, 6 




are vertical shafts, one nt each si<le of the nmebine, driven cither by repetition of the gearing, 
Figs. 2304 ; or one of them nmy l>c so driven and the other geartnl to it that they may 

n^volve in np|K>site dirc^tion.s. Eaeli of those shafts is fitted with a rotating cutter barrel, or when 
tho stone has to bo sawn, with circular saws m. w, whicli nearly touoli each other in the middle. 
The stone / U ing plac* d on the Killing itihle /, which advances it while the saws v\ w revolve, is 
separaietl by thoir action. The saws can bo ailjusted vertically on these shafts, so as to stparate 
the strme at any desired level. 

The teeth or cutU'fs for the saws are cylindrical tapering holts. Figs. 2311, 2312, with fiat 
heads, which do the rutting. A jHJwerful machine on this principle is an arrangement of a pair of 
saws, each 5 ft, 4 in. in diameter, that work horizonhxlly ujMin upright shafts, and in their work 
meet each other within aljout an inch. The sawn slab separates readily and uniformly at the 
middle of the piece left uncut. Each of these saws bos forty-four cutting tools round its periphery. 
These are carried by holders that are wedgeil into tho outer edge of the saw plates, and have holes 
forged in them for the ri*coption of the as in Fig. 2312. This machine will cut about 1 ft. 

superflciil a minute. A block of Portland stone, 5 ft. 9 in. by 4 it. wide, can be cut into a slab of 
21 in. thick in rather less than twenty-five minutes. 

Pigs. 2306, 2307 are views of an appanitus for moulding stone to a circular sweep, d is a shaft 
carrying a rotating cutter; h is the stone fixed on a table or slide c, which is mounted and 
traversed on a biHl curvoil t»^ an arc of a circle. The o<lge of the slide c is cogged and geared to 
a rack c, which is mailo to traverse by means of a screw f, driven by suitiiblo gear for reversing 
and altering siieod. Tho screw being lurnc»d while the sliaft revolves, the stone is cut to a sweep 
concentric wiln tho curvature of the lx*d. The shaft may be adjusttd vertically, and the stone 

' be blocked more or loss to vary the radius of the curvature. 
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Fig. 2308 represents a side view, and Figs. 2309, 2310 a section of Hunter's rotating outtors fitted 
witli cutting tools scoured in graduated sockets. are the cutters, which are made of different 
depths, these lengths and dcpUis being graduated by successive steps. When the cutters are 
ground, and thereby shortened to the extent of one of these steps, each is transferred to the next 
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step in order, the relative projections of the cutters being thus maintniiKHl. By properly forming 
the sockets the cutters may be made of rectangular, triangular, or other convenient soetion. 

O. Hunter lias devised another apparatus in which bh'K'ks of stone. pla^*e<l iipon a reciprrMrating 
table, are subjected to the action of revolving and 8cjrji|>er so as to cut their surfaces to flat or 

moulded forms. 
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Fig. 2313 represents a plan; Fig. 2314 a side view, and Fig. 2313 an end view of this stone- 
working machine, Figs. 2316 to 2319 Ixdiig dt*t.uls. 

A IS the main frame on which is the sliding table B. On the under side of the talde is a 

rack 6 having slo|>e<i teeth ttiat engage with a worm, slightly ttipere-1 and Hxtvl on a shaft r, 
which slopes downwards to the level reversing gear l> at the end r»f the machine. By thus sloping 
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the shaft c, the reversing gear can be moi]rite<l at a Icvcd siifrickntly low permit the biblc B to 
pass over it, thereby shortening the Imd of the machine. E is a cniss sh ift on which an* right and 
left worm-whm Is ^ that drive the upright sliafU F, F, one on isach side of the table, these abafta 
carrying the revolving cutters. Fig. 2315, armngeil in ariy to the outline of the rivmlditig to bo 
cut on tlie, stone G. Tito uprif^ht shafts F, F urwy Ikj inminttMl in slitliitg bearings, so that they 
oould wider apart if rertutred. On fiacb side of the table is a c^dumn H that can bo raiwerl 

or lowered by a screw A. A cross bar I may be exUmde<l above the table, >Yiritefl to Uio heads of 
these columns, the bar having a bolder i fitted on it for scraping or planiog tools, adjustable by a 


STONE-WOBKING MAOHINEEY. 


1127 


screw, as in a slide rest. K, K are tubes witbin which slidlDg stems h are fitted carrying also 
scraping or planing tools, the stems being caused to slide outwards or inwards by means of screws. 
The tubes 1C with their stems k and tools may be double, as in Fig. 2318, the one stem being fitted 
under and to one side of the other, as shown in oblique section Fig. 2319, or single stems h may 



Fig. 2317 is a plan and side view of a holder for the revolving cutters. It consists of a head L 
which is fixed on the revolving cxiiUm shaft. Through slots in this head are passed the cutters 
which are seour^ by wedge keys m, drawn up by note. The feces of the keys m next the 
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cutters I are made with an edge which, when the keys are drawn tight up, outs slightly into the 
metal of the cutter, preventing it from shifting. 

The stoned-dressing machine devised by J. D. Brunton and F. Trier, of London, which is both 
novel and eifoctivo, utilizes the action of circular rotating cutters, operating by rolling to chip off 
from the stone tho inetiualith^s of its surface. 

Fig, 2320 represents in section, the chuck, or cutter carrier of this machine ; and exhibits the 




way in which tho ciUtors arc given a d(‘tcriiiinnto rotation on tlicir own axes, at the same time that 
they are carrioil round in a cirtde by the revolution of the ciirrior; the outer edges thus describing 
a circiihir path, wljich may be called the track. 

The chuck i> a cast-iron circular box. bolte<l to the flange of the shaft F, on which it revolves. 
Into it are fitted the cutter spindles h ; in number three, six, nine, or twelve, according to tlio size 
of the chuck. The cutters are fixe<l on their spindles by split nuts : a part of each of these^ nuts is 
a cone, wliich enters intt> the conical hole in the ct^ntre of 
the cutter, AiVlKn screwed up tlie nut ctmtracts. and grips 
the threa<l of the spindle, so that nut, cuthT, ami spimlle 
become as one piece. On each spimlle is keyeil a l>evel pinion ; 
and all the pinions contained in a chuck gear into, and are 
driven by, the central bevel whoi l : this is keyed on tlio 
(Mintral shaft which posses through the centre of F, and 
receives its motion by means of a pulley. 

The rates of cut ter- rotation ond of chuck-rot it ion are .so 
a<lju.sted relatively one to tho other, that tho cutt«*r edge 
shall exactly roll in the track. For instance, in the caM» c>f 
a chuck having a track of 2 ft. diameter and cutters of 8 in. 
diameter, for every revolution of tlie chuck the cutters will 
make three revolutions. 

Theoretically, aith an exact roll of the cutter e<lge on the 
stone, there will Ik* no attritioa ; and this is pirilmldy not far 
from l>eing realized in practce. But coincident with llic 
n't!! of the cutter, there is a forward movement of the stone, 
distributed over the e<lge of the cutter as it rolls; ami to thi.s 
it is probably due that there is any appreciable wear of tho 
cutters at all. 

71ie ordinary sfiead of a chuck is 300 to 330 revolutions a minute; the cutters themsilvca 
making IHK) t4> 1050 revolutiems in the stime time 

'rhe tread of a cutter, that is the length on its |»onphery that is in contact with the stone at any 
given moment, may be put at | in. The duration of contact of any given tread will therefore bo 
lound, by dividing one minute ny tho circumfiTt m*** of a 2-ft. tnw'k, luiiltiplied by 300 r(*volutions, 
and divided by ^ ; nr by 00.200. Thus in round figures the lUiraticm of contact is a thousandth 
part of a s*cond ; during which the ndvancK* of the stone will l>e less than the* puJ^t of an inch. 
Idle rcMilt of this srnall amount of attritirm, and of its lieing distrihubnl so rapidly and evenly over 
the whole circumference of the cutter is, that there is m» jKjrceptiblc luxating, notwithstanding that 
the circumferential velr^city of the cutters is afiout 20(X) ft. a mintiU^ Fulleysof differont diameters 
f»re provided for the cc-ntral shaft, vap* the speed of the cutters, os recitiireil by their diminisluMi 
diaim ter c^)ns«Kjuent nj>or» wear. The inclination of the cutters to the planer of the stone is usually 
45'^, but is varied suit the character and progreiis of tlie work. 

7’hc cutters are sometimes plac^al in stefw, or so as to cut in different planes ; and several 
in»pf>rtant advfintag^*s accrue from this arrangement. 

It has Ikkui found that for all kinds of sandsbuies, grit stones, an<l free shnies, as well as for the 
magnesian linK*stones and <x>litos, chiJlorl cast-iron ciitt^Ts answer iHjrfeclly. They are chilled on 
the outer conical fac^*, m that, as they wear, and are ground on the lower e<lge or Isise of the cone* the 
cutting ♦dgc is always forrm d against the c hilled turfaiTe. In a six-cutter chuck, dressing from 
40 to 50 wj. ft. of Newcastle grit an hour* the cutters will lost sitven or eight hours without changing. 
A cutO r grouml in a few minuUjs* by means of an onlinary griiidshuie and a atnijile mechanicJil 
appliance*, and is then ready for use again. A ciitt 4 r will usually last for 20 such grindings before 
it IS woni out. 
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For hard limestones, steel cutters are necessary on account of the resistance presented by these 
(•tones : but the wear is insignificant. A set of cutters will last several days without changing. 
For granite steel cutters are also required. In the lathe a cutter will run for about 10 iiours 
without sharpening, dressing once over 250 sq. ft. of granite. In dressing plain surfaces the wear, 
in the case of granite, is gn^atcT than in turning: but still moderate, the tool cost being less than 
that attomhint Uf>on hand labour. In dressing the softer kinds of stone, such as Newcastle grit 
Brainley Fall, Dumfries, Ked Maus- 

fl(‘ld. and the like, the travel of the 2 a 2 i. 


table in of an inch for each rev<»lii- 
tion of a finishing cutter. With a 
cliiick of six cutters working in three 
steps, there are two finishing cutters ; 
thcTefore the table travels ^ of an inch 
for each revolution of the chuck, or 
80 in. a minute, if the chuck makes 
824 rovolulions. 

If a stone 2 ft. 6 in. wide, and 4 ft. 

0 in. long were to ho dressed, a breadth 
of about l> in. each side would first be 
taken, and then a mi<ldlo cut of 12 in. 
would finish it. Each eut would take, 
including tin* time fK^cupied in raising 
or lowering the chuck, about 8 minutes, 
or 10 miuuti‘s (or the whole stone, 
which has a superficial area of llj sq. 
ft., this is equal to uIkiuI 05 sip ft. an 
hour. 

Sch ram’s stone-cutter is n machine 
which is used t>o cut slabs, paving- 
Hb>ne8, kerb, pilasters, and siinilur 
pieces out of the rough block, a great 
saving of material being thereby 
c»ffV‘ctcd. 

The machine. Fig. 2821, eotisists of 
two standards erected on siile walls, r 
iH'tween which are laid rails for a train- ' 
road. The standards are jniiutl to- j 
gether at their upper extreunity by tivo V 
girders, one of which is furnisiie<l with ( 
toetli and forms a rack : a round l«ar ‘ 



reaches from side to side Jiliout 2 ft. 1 
below tile girders. The girders and bar \ 

Ret as guides for the engine, which is a j 

mollification of Schraiu’s rock drill; it ( , wx - r ^ 

travels vertically iK'twecn the stnndnrds 1. . j, ( \ 

along the guides, and is moved hack- 
warrls and forwards, as may he required, 
by a hKithotl wheel gruring into the 
ruck. 

At the end of the piston roil of the engine is fixcnl a movable cutting tool, the sha^ie of which 
varies nceonling to the work to he done. 

The engine is worked by c(»ni|»ressed air or steam, the branch Kdween the main pipe and the 
engine consisting of a lengtli of ficxible tubing to allow it to travel the necessary distance between 
the standards. 

The block of stone to he cut is plae<*<l on a trolly and wla^ded between the walls, until a i)oint 
in the length of the dcsirtnl rut is nnd« r the cutting edge. It is then lixed firmly in position witli 
the line of gn»ovo to Ik' made. paraUid with the guides of the engine. 

The engine is start* <1, and moved from end to end over the block of stone. As the cutting trad 
chins out the gr<K)vc det'per and deejier, tin* engine is fed down towftrds the stone by means of a 
feeti screw. 

In onler to wash away the stone dust, and kt‘ep the slot clear, a constant stream of water, 
r<‘gulated by a small c<H'.k and nozzle fixed to the engine, plays on the cutting totd. 

The work that has Ikhui tlone by this machine is ; 




In hard granite, slab 10*764 sq. ft., cut in 3 hours. 

In samistone „ 7 ‘58 „ „ 1 hour. 

In limesbino „ 5*382 »» »» ^ 

Besides the rapid cutting shown by theae figures, an imiiortant result of this machine is that 
two surfaces are obtaiiu*d, ea<*h in the same condition as if roughly ground, consequently much 
time and labour is saved in the subse<iueiit dressing. A 8 horse-jiower Ixiiler is sufficient to supply 
steuni for the engine. 

TRAMWAYS. 

In railways the n>ad is required to have a certain amount of spring or elasticity, to lessen the 
great wear and tear mused by heavy weights running at high sjxhxIs. The rails and the sleepers 
being bare, it is cosy to pack tliein up when necessary. 
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It is widely different in the case of tramways. The weights are comparatively light, the speed 
is very moderate, and it is impossible to pack up the rails without incurring very serious expense 
and inconvenience to the ordinary traffic of the road. It is therefore evidtmt that tramways should 
be constructed in such a manner as to avoid the necessity of constant supervision and repair. 

In order that this condition may be fulfilled, it is m'eessury that the stability of the foundation 
of the tramway should be exactly similar and equal to that of the pavement of the street. Granite 
pavement is practically unyielding when laid on a good foundation. It therefore follows that the 
foundation of the trnmrail should bo continuous and equally unyielding, and at the same time of 
such tencMJity as to allow extremely heavy loads to pass over it wiihout liability to fracture. If any 
want of unifornuty should exist between tlie stability of the mil and the adjacent pavement, 
unequal vibration would bo the result, which would toll most seriously u|>on l)oth the rail and the 
pavement. The rails should be supported u^K>n imiterishublo material, otherwise periodical 
removals would be necessary. 

No mechanical fastenings should ho introduced, or if they are indispensable, they should bo as 
few in numlier as possible, and of the simplest and most effective kind. The rail should be* main- 
tained exactly level with the ptivoment of the street adjacent to it ; if this is the case, no damage 
or acc ident can occur t© the ordinary traffic. 

It is necessary that the pavement adjacent to the rails should bo cB{^ilile of easy repair. This 
is occasioned by the fact that this portkui of the road is suhjei'ted to undue wear and tear, by the 
wheels of ordinary vehicles in their endeavours to keep the rails, and might to some extent be 
obviated by the alteration of the 
gauge from 4 ft. in. to 4 ft., and 
thou it woulil be impossible to alter 
the gauge uf the wheels of ordinary 
vehicles to fit the rails, which has 
actually l>eeu done in many places. 

Tlu^ gnxive must be as small as ik>s- 
sible, and the rail narrow. 

Some of the methods that have 
bt en devised for the construction of 
tramways will be reviewed, and for 
these, as widl as the foregoing detiils, 
we arc indebted to a paper written by 
J. H. Lynde. 

Trjmiways may be divided into 
classi's. namely, those in which the 
rail is su imported u[>on chairs plac<*<l 
at intervals, and those in which the 
rail is supported ujK)n a continuous 
longitudinal l>earing. 

When supiv)rted at intervals, the • i i i ^ 

rail must be of such a section as will ensure sufficient stre ngth to carry the passing loa4l between 



The weight is alKUit 4G lb. 


the points of 8iipf>ort. 

Fig. 2322 gives the section of rail usually rolled for this purjK>se. 

^ ^*^lie chair.^, one yard apart, are of cast iron. In the arrangement Fig. 2322 the tramrail is 
pinned down through the groove, into a hole iu the upper part of the chair that bus btjen pltiggod 
with ash. In Fig. 2323 the mil is 2^..3 

held in its place by side fastenings, 
which are nailed crosswise into a hole 
in the chair, inb^ w hich an ash plug 
has Ijccd previt/iialy fittcfl. 

In laying a tramway by this 
method, it is iK*ccs6ary to excavate 
along the cemro line of each rhil, at 
intervals of one yard from centre to 
rentrf ,a sc-rics of holes 10 in. or 18 in. 
square, and 18 in. deep from the 
Mirfac«- of the road. These hoh.8 are 
then fiile<i with concrete to the level 
of the l>ottom of the chair, which is 
phiced upon it. Concrete is filled in 
round the chair to receive the paving, 
and also under the inb rmwliatii fior- 
tion of the rail. Ti e rail is placed 
in jiosition and spiked down, and tlie 
paving made up to it. It is 



the sets have to l>c pickwl and cut to fit tho 


>e living abuttiDK the rail ia here ripen a variable ^^hS 

concretes while that Utwe* n the chains resU niion the oW fouarlation of tho atroet. 

variable foun.lation must be a diiia<l van tags. i i \wA nf concrete. 

It may appear that the rail ia supported between the cbaira by a nairow thin b^of c ^ 
but this is the case ; and if it were possible to ensure the complete and solid bedding 
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r»i], ^vhioli cannot be accomplished, the vibration would in a few weeks completely disintegrate the 
concrete and render it worthless. 

The foregoing may be taken as an example of the best form of tramway of its class, and it has 
been adopted witli slight variations at Leeds, Bhcffield, and Bristol. 

In comparing this system with the conditions laid down, it will be seen : the stability of the rail 
varies from that of the pavement of the strei't, and that vibration must occur Ixitwocn the rail and 
the adjacent ])avement. Cast iron is very durable, and will last a long time, but the pins and the 
fastenings being of wrought iron, under the conditions in which they are placed, their durability is 
limited. The fixing of the rail being dependent upon pins and fastenings, they are liable to become 
loose, ami it is practically impossible to maintain the pavement level with the rail by this method. 
At Leeds and other places many complaints have been made of the danger and inconvenience to the 
ordinary traffic arising from this cause. It is also very costly and inconvenient to repair the pave- 
ment adjacemt to the rail, as it must be removed, and either the same or new setts be relaid, with 
all the trouble and expense of picking and cutting stones to fit tlie spaces. The system of laying 
tramways which has beeti most generally adopted belongs to the class in which the rail is supported 
iHK)n a continuous longitudinal Iwaring. Lynde mentions a tramway on this principle in which 
each rail consibted of a fiat bar, about in. wide and ^ in. thick, screwed down to a longitudinal 
timber sle^^por. In the centre Ijetwefm the two outer rails was a small bridge rail turned upside 
down, forming n groove. This was also femtened to a longitudinal fiml>er. A small guide wlieel 
was attached to the front of the ordinary omnibus, and this was capable of being raised or depressed 
at pleasure by tlie driver, so that the omnibus could pass on to or off the rails as occasion required. 
This was in use for some years, and has its merits. 

Fig. is a mmlificalion of this system. It consists of two rails, each formed of a X iron w ith 
two grooves rolled in the flat side, which is placed uppermost, and tlie tongue of the X iron is let into 
a gHK^ve iu the timlK^r; it is then 
fastened <iown by means of screws. 

The object of the two grooves is to 
jirevent the; Klip[)ing of liorsos jiussing 
over the rails. In placi' of the old 
central gnioved rail a straight joint 
is made in the setts from end to cn<l 
of the tiumway, midway l>etweon th<* 
two mils. It is inlendctl that the 
driver shall by sight keep the onmi- 

iii tile paving. Tu snowy or ilirty 
weather, and after dusk, this would Is* almost imposbible, although it is statoil that the horses soon 
liecuime u><d to the truck, and finding the traction so much reduced endeavour to keep the mils 
without mueh ashistaiice from the driver. The gnat disadvantages of this system are the straight 
joint in the paving, which is alwuys the cause of depres.sion ; ami that, in tlie event of steam or other 
motive power being introduced, the Irainwaj-s wouhl not Ik> suitable for the tr.ifiic. 

'J’lie eaily American lines, and 
those first laid in Ixindon and Biik- 
enhen<1. Fig. 2J?2r>, wore on con- 
tinuous la'iirers. 'J’he huigitudinal 
slwpers restt'il npc)n transverse 
sh epers plneed about 4 ft. apart, and 
were secured t<> them by means <if 
small cast-iron angle brackets and 
two spikes. The rail was not groove<i, 
but rel»ated, and it was intended that 
ordinary vehicle's should pass over 
it without inconvenience. This was 
found impraelit’able. 

Idle inij)rovenK*nts since made 
have consisted principally in intrji- 
duciiig a concrete foundation, aiul in 
altering the section <»f the rail. A 
narrow rail with a small groove is the 
best foriii for the ears, and this section presents the least olistructiou to the ordinary trnflic, sup- 
|x»8iiig the imvcinent to be ke]it level with the rail. 

At Livc*r|>ool, Fig. 232t>, longitudinal timber 8h*eperswore laid on a bod of conercte. The upper 
corners of the longitutlinal sleeper were relmtod oxit to receive the rail, which w as spikeil down 
through holes in the groove. Wrought-iron tie-bars t were lx>lted to the longitudinal bearers at 
inti^rviils. This system has proved insufileieiit for the ordinary tralfic of the town. 

The Southport tramway, Fig. 2327, is anotheir example of longitmlinal sleepers, but they are 
laid upon cross sleepers 4 It. apart, and held in position by means of wToiight-inm dogs. This 
tramway is of reoent construction, and the ordinary traffic of the road in w hich it is laid is very 
light. 

In I^ndon, Fig. 2328. longitudinal timber sleepers were laid in east-iron chairs, about 4 ft. 
apart, uj^n a continuous W) of concrete. Small fisn-plates were introduced at the junctions of the 
rails. Transverse tie-roils, 2J in. by J in., held the chairs in position. The rail was spiked down 
through the groove. It is found that the rails soon work loose by this system. Asphafte has lieen* 
used mr paving between the rails of the South London tramways, but with indifferent success, the 
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aspbalte giving way at its junction with the rail. The cause of tins is the unequal vibration that 
takes place between the rail and asphalte, which are upon different foundations. 

Other London tramways were laid in the same way as at Liverpool, with the addition of cast- 
iron ciiairs to join tlie longitudinal sleepers. 



The Edinburgh tramways. Fig. 2820, wore laid uptm the iMngitndinal tinihor slcopor princijde, 
Init the method of fnstt ning down the mil was by m« ans of J-in. holts passed through the grof>venf 
the rail and screwed into nuts fash'iiod to the underside of the tiiiiil>er. Wronght-iron transverse 
ties, 2 in. by | in., 4 ft. apnrt^ wort* intr(Kluceil. The timber was crec^oted, and the bolt holes were 



filled with boiling tar More the Udts were driven. The rails weighed 52 Ib. a lineal yard. Fish- 
plates, 15 in. by 3 in. by 5 in., punched for four Imlts, were placed at the junction of the rails, and 
the en’<Ls of the longitudinal timW shapers were supjiorU^tl in cast-iron chairs. A Ited of concreU*, 
6 in. thick, was laid underneath the slwpers and paving. Exi^erience has proved that Uiis system 
is not satisfactory. The gnulienls in 
Edinburgh are very severe, in some in- 
stances iadng as steep as 1 in 13, 

In Glasgow, Fig. 2330, a similar 
mode of const metion was adopt^l. 

The roadway was excavat<xl ISJ in. 
deep for the full width of the tram- 
way. Transverse 8lc‘ef)erH, 8 ft. long 
by 6 in. by 4 in., were laid 3 ft. 8 in. 
apart. Upon these w<‘re placed cast- 
iron chairs to receive the longitudinal 
timber sleepers, 6 in. deep by 4 in. 
wide. l*lie rails, weighing 60 lb. a 
lineal yard, wore fastem^ to the tinib<.'r 
l)y means of wrought-iP>n dogs alxiut 
12 in. ajjart. A fish-pl^ was placed 
at the junction of the rails. The spaces 
Udween thcj trausv<-rse sleejiers were 
filled with concrete. On this a bed of 
finer concrete was laid, or in some cases bituminous concrete, composed of broken slag fresb from 
the blast furnace and boiling bitumen ; 81 lb. weight of bitumen being mixed with 1 cubic f«x>t 
of broken slag. On tlus a bif] of sand was plairec! to rec<dve tlie paving stones, whicli were run qplid 
with >Kiiling pitch, lliis was Ofinstdered the best example of the longitudinal sleeper system. 
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^ On comparing thego tramways, it will bo found that the stability of the rail varies from that of 
the paving of the street, and tlieretbre unequal vibration takes place at the junction ; that timber is 
not a dui’ablo material, especially in damp situations, and in some countries cannot possibly be used 
on account of the ravages of insects. 

The rail is in all coses held down by pins, bolts, dogs, or other fastenings, which ore liable to 
become loose ; and it is found impossible to maintain the paving level with the rails by these 
methods. It is very costly and inconvenient to repair the pavement adjacent to the rail. 

An attempt has been made to supersede timber sleepers by the use of cast iron, Fig. 2331. For 
this pur|)Ose a bed of concrete is recommended, the whole width of the tramway, and upon this a 
series of cast-iron bearers, each 30 in. in length, are laid. Tliey are of I section, and are made as 
light as possible, weighing only from 35 lb. to 40 lb. it lineal yard. They overlap at the joints, and 
are fastened together by means of wrought-iron pins and cotters. The ends of the bearers are 
provided with lugs, east on, and having inclined surfaces to receive the taper fillets r<illed on each 
side of the rail. It is so arranged that at each joint in the cast-iron bearer, the key which fastens 
them together also socurc^s the rail. The weight of the rail is 20 lb. a lineal yard. Ties are not 
absolutely necessary, but if used may bo placed 6 ft. a(>art. It is stated that eleven miles of tram- 
way on this system have been laid in Madras with good results. It is not probable tliat such a 
light casting as that proposed would bear the strain of the heavy loads tliat are constantly passing 
in larger cities. 

The rail is h« Id in position by means of cast-iron lugs, and those would very probably be broken 
by the cross traltic. 

It is not [Kxssihlc to pave dirootly up to the side of the rail, on account of the projiHsting foot. 
There must therefore he n sjtace on eaoli side of the rail aliout ^ in. wide. At the points where the 
edips ocfur, the setts cannot be laid nearer thaii about 1^ in to the rail. Those are disadvantages, 
os the paving is a great Bup|)ort to the rail when itiimeillutely abutting it. The cast-iron bearer 
which is left hollow aftc^r the paving of the street is completed, would become a cessfiool for water 
anci street refuse, and injuriously afieet the foundation of the paveniont. Practically it wouhl be 
difTicnlt, if not imiiossihlc*, to betl the cast-iron biiaror evenly upon the concrete, d'he mil C/OuUl 
not Ix' removisl without lirst taking up the surroniuUng pavement. It would be costly and incon- 
venient t<» repair the pavement adjacent b) the rails. 



Another sysit^m of continuous boaring has been recently devisrd, ami has pioved that it 
possesses great advantages. In laying down this tramway. Fig. 2332. the foundation of the street 
or rood is not intt-rferoil with in any wav, only tliose granite setts bi ing reinovoil which would be 
intorsoctod by the grooved iron rail and an extra width of nlK>ut 3 in. on either side of it. Those 
w^tts are carefully taken up, without cUsturbing the surrounding paveiin nt, thus leavin*: a shall<»w 
trench with iiideniiHl sides, d'his space is thou filled in with coneroto to within 2i in. of the 
surface of the road. In twenty-four hours this is sutliciontly set nreive the liqui<l a^phalte in 
which the rail is iuilHHldod, the surface of the osphalte being grooved to imitate the joints of tbc 
|)aving, to reinlcr tlie foothold socure. 

It is found that osphalte will adhere with grejit tenacity to iron and other substances, and this 
property, in conjunction with the dovetailed section of the vail, renders the tramway immovable. 
The use of timWr is altogether distreusoil with, and as the roil is firmly imlxMlded in asphalte upon 
a concrete foundation, it is preserved from injury. Res|H>ctiiig the durability of Val de Travers 
Hsphalto. it has been proved to exceed that of the hardest graniU* ; at the same time, l>eing in some 
dogreo tlustic, it deadens vibration and permits the free expansion and contraction of the rail 
under various temj^K^rnturos. In mlditiou to these advantages, in casi^s where it bx'comes necessary 
to remove a rail, the operation can bo effected with ca.so, and the old asphalte taken up can bo 
melted and used over again. Should it bo required to raise the surface of the asphalte, no dithculty 
wouhl be experienced in the operation, and the extra thickness added would become part of the 

I no special provision is necessary for laying the tramway round curves, but the same 
method is pursued as in straight lines, and tho rail’ is equally socuro; whereas, in cases where 
longitudinal timber sh ojiers are used, it is necessary to cut them into short lengths or l>end them, 
either of which is detrimental to the stability of the rail. • 

By this system tho rails may be laid in any direction, either diagonally or in curves, across any 
existing pavement, without having to cut the })aving sttmes obliquely to fit agalusi the sides of the 
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rails, as is the case in every other The laying is rapid, since little obstruction to traffic is 

occasioned, as such a small portion of the street is interfered with. The weight of the rail used 
is 26 lb. a lineal yard. 

The rails of n tramway should always be constructed of steel, the slight extra first cost being 
more tliau compensated for by the greater durability. It is customary to notch or corrugate the 
narrow edge of the upper surface of the rail, to give foothold to the horses ; but tliis very soon 
wears off, and is therefore useless. 

The points and crossings of tramways are very important parts of the work, and are of various 
descriptions. 

Tlie oldest style of switch is the movable one, which is set by the conductor, the car being 
stopped for the puriK)se. Another form still used is the fixetl j)oiut, where the horses are made to 
pull the car in the direction it is intended to go. Both grooves for the flanp^ of the wheel are the 
same depth. Tiiis is a most objectionable arrangement, as the car is seriously strained by the 
operation. 

The most approved method of constructing points at a turn-out or passing-place is that of a 
fixtiu’C, but only one of the grooves is taken to the full depth at the function of the two. Thus, 
when a car meets the pt^int, the flange of the wheel invariably takes the deep grix^ve, which is so 
arranged that the car always passes off to the left. 

When it is necessary that a car shotild be able to take either route, the movable point should bo 
adopted as being safer and causing less wear and tear to the cars. 

The crossing, that is, the place where the rail of the turn-out crosses that of the main line. Is 
the source of very considerable expense* and inconvenience in renewal. The giwjvcs are l>oth taken 
to the full depth, and where they cross great w-ear and tcfir lias to be borne. A hollow is the result 
at this point, w’hich not only occasions concussion that sometimes snaps the axles of the car, 
but also o,^uso8 it to leave the rails. The simplest remedy for this dt.'fect would be to lot the 
gixxive die out to the surface before arriving at the point of crossing. The whwl would tnivol in 
the right direction, as the car would be guided by the other rail. In time the flange i>f the wheel 
would wear a groove, and after this the crossing would wear as long os one constructed on the 
ordinary principle. 

Points and crossings arc usuallv made of cast iron, but wrought iron has l>een used for both. 
Some crossings are formed of the onlinnry rails, sciirfed together. 

An im]x>rtiiDt item in the c'conomy of tramways is that of keeping the track ch an. The force 
necessary to move a car on clean rails b very much less than that retpured when the grooves arc 
filled wdth dirt. 

The operation has been attempted to be effected by machifiery atfciched to the car, and also to 
separate trollies, but hitherto without marked surcess. as the ap(Miratiis has prove*! itstdf a s#>urce 
of damage to the rails, and practically useless. The principle of these machines lias been that of a 
rigiiily fixe<l scmix^r, which was strong enough to demolish all ulwtructions that came in its path, 
and therefore it cut off all loose projf‘ctiitg pins or Ixdts in the bottom of the groove, and in time 
the rails bccaniequite l<xvsc. An apparatus has just bc*en ininxluced which seems likely toanswir the 
purpose. It consists of a revolving steel wire brush, similar to a rotary hairbrush, which cleans the 
grooves without injuring the fastenings, and detiosits the dirt in a line some distance from tiio rail. 

WELL SINKING AND BORING. 

The operation of sinking a well is identical with that m^cessary in putting down a shaft for 
mineral, but as Ixtth the diameter and distance are usually small, the work is of a much lighter 
character. 

IVevious to sinking it will be necc ssary to have in rea*linesK a stock of buckets, shovels, picks, 
ropt*, a pulb-y-blwk or a vrindlaa^. and borrows or other means of conveying the nmbTial extractinl 
away from the mouth of the sinking, .\ftcr all the preliminary arraiigeineiits have Ix en intnie, the 
sinking is cormnencixl by marking off a circle uj^rm tli<‘ ground 12 or 18 in. greater in circumfiTenco 
than the intended internal diameter of the well. The centre of tb*‘ well as cominrujc<*d from must 
b* the centre of every part of the sinking ; its fv»8ition must Is* carefully prt'serve**! nn*l everything 
that is done must l>c* true to thia centr**, the plumbline being frequcTitly us4.il to test the vertical 
pTfsition of the sides. 

To sink a w# 11 by underpinning, an excavatnm is first made to such a depth as the strata will 
allow w ithout falling in. At the lx»ttom of the excavation is laid a curb, that is, a flat ring, whoso 
internal diameter is equal to the intended clear diameter of the well, and its bri^adth eqiini to the 
thickness of the brickwork. It is made of f»ak or elm plunks 3 or 4 inches thick, cither in one layer 
fishcii at the joint** with iron, or in two layers breaking joint, and stdknl or 8crewc*d together. On 
this, to line the first division of tlic well, a eyiinder of briekworK, t<*ohnica11y callecl steining, is 
built in mortar or cement. In the efmtrc of the flfH»r is «liig a small pit, at the l>ott*»ni of which is 
lat<i a Kinall platform of boards; then, by cutting nfdehes in the side of the pit, raking props are 
insertefi, tln ir lower ends abutting against n ffx»t-bloek, and their upper ends against the lowest 
w ttiiig, so as to give temporary siipis^rt to the curb with its biOfl of brickwork. The pit fs enlarged 
to the diarrnder of the shaft aW^ve ; on the brttoni of the excavation is lai«J a new curb, on which 
is built a new ilivision of the bri(»kwork, giving |K»rmanent support to th<» upper curb; the raking 
projMj and their fooi-hlocks are removerl ; a new pit is dug, liial so on as b^mro. Car© should be 
take n that the rarih is finely fsicked bdiirid the ateining. A crmimon modification of this method 
in c xesvating to such a depth as the strab will admit without falling in. A wooden curb 
is laid at the b»tU>rn of the excavation, the brick shorting laid upon it and earrietd to the surface. 
'I'he faxrtU is then excavated flush with the interior sides of the well, so ilrat the eartli underneath 
the curb supports the brickwork ubive. When the excavation has been earriod on as far as eon* 
t^rmient, r4*C4*siMrs are maile in the earth under the previous steining, and in these Tocesses the 
steining is carried up to (ho previous work. When thus supptwied the itiiennedlaie portions of 
earth Ixdween the seethms of brickwork ciirried up are cut away and the steining completed. 
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In sinking with a drum curb, the curb, which may be eitlier of wood or iron, consists of a flat 
ring for supporting the steining, and of a vertical hollow cylinder or drum of the same outside 
diameter as the steining, supporting the ring within it and bevelled to a sharp edge below. The 
rings, or ribs, of a wooden curb are formed of two thioknesses of elm plank, in. tliick by 9 in. 
wide, giving a total thickness of 3 in. 

Fig. 2333 is a plan of a wooden drum curb, and Fig. 2334 a section showing the mode of con- 
struction. Tlie outside cylinder or drum is termed the lagging, and is commonly made from 1 J-in. 
yellow pine planks. The drum may l)e strengthened if necessary by additional rings, and its con- 
nections with the rings made more secure by brackets. In large curbs the rings are placed about 



8 ft. (5 in. opart. Fif?. asa.l i. n plnn, ond Fip;. 2.830 on enlarg'd Hcpncnt of nn iron onrb. Wlien 
the well has ^cn sunk so far os the earth will stand v<'rtical, ilrnin rurh is lowered into it and 
the building of the brick cylinfler commenced, can' being taken to complete each course of hricks 
before laying andthcr, in order that the curb may be loaded equally all round. The CMirth is dug 
away from tho interior of the drum, and this together with the gnniual increasing loml causes the 
sharp loww edge of the drum to sink into the earth ; and thus tlie digging of the w ell at the bottom, 
the sinking of the drum curb and the brick lining which it carrier, and the buihiing of the steining 
at the top, go on together. CAiire must be taken in this ns in every other method, to ^gulate 
tlie digging so that the well shall sink vertically. Should the friction of the earth against the 
outside of the well at length become so great os to stop its iles<‘ent, before tho rtniuisito depth is 
attained, a smaller well may lie sunk in the iiiteruir of the first well. A well so stoppt'd is said tu 




1186 


WELL SINKING AND BOEINa 


be earth’fast. This plan cannot be applied to deep wells, but is very sucossful in sandy soils 
where the well is of moderate depth. 

The curbs are often supported by iron rmls, fitted with screws and nuts, from cross timbers over 
the mouth of the well, and as the excavation is carried on below, brickwork is piled on above, and 
the weight of the steining will carry it down as the excavation proceeds, until the friction of the 
sides overpowers the gravitating force or weight of the steining, when it becomes earthl^und ; then 
a set-off must bo made in the well, and the same operation repeated as often as the steining becomes 
oarthbound, or the work must be completed by the first methoil of underpinning. When the rock 
to be sunk through is uustratifieil, or if stratifiei], when of great thickness, recourse must be had to 
the action of explosive agents. Their use has been already treated at length at pp. 132, GO 5, of this 
Supplement. 

The system of blasting employed in well sinking is that known as the small-shot system, which 
consists in boring holes from 1 to 3 in. diameter in the rock to be disrupted to receive tlie charge. 
The position of tiiose holes is a matter of the highc^st importance from the jwiut of view of pro- 
ducing the greatest efiects witli the available means, and to determine them properly requires a 
complete knowh*dge of the nature of the forces devcloptHl by an explosive agent. This knowledge 
is rarely possessed by sinkers. IndtH^d, such is the ignorance of this subject displayed by quarry- 
men generally, that when tlie proportioning and placing the charges are left to their judgment, 
a large expenditure of lal>our and material will produce very inadt^uait* results. In all cases it is 
far more economical to entrust these duties to i>ne who thoimghly understands the subject. 

When nil is nady, the sinkers, with the exception of one man whost> duty it is to fire the 
charge, are either dniwn out of the shaft, or are removed to some place of safety. This man then, 
having ascertaincHl by cnlling and rcH'civing a reply that all are under shelter, applie.s a light in 
the fuse, shouts “ l?cnd away,** or some etjuivaleiit exj>re8sion, and is rapidly «lrawn up the shaft. 
To avoid shattering the walls of a shaft, im» shot should K* lihictnl nearer the side than 12 in. The 
portion of st<'>ne next the wall sides of tliC shaft left after Idasting is n moved by stee]-tip[a»d iron 
wedges 7 or S in. in length. These W'edges are applied by making a small lude with tlie jKiitit of 
the pick and driving tlu m in witli a mall. The sitles may be then dress4*d as reiiuirt'd with the jack. 

After .sonu' 30 or -40 feet liavt' b«H.‘n sunk the air at the iKittom of the >vell may be very foul, 
especially in a well whore blasting ojK-rations are b<‘ing carried on, or where thiTc is any great 
escajH? of noxious gases through fissures. Means must then lx* providt^l for njqilyitig at the 
surface a small exhaust fan to which is attiiched h ugths of tubing extending down the well. 
Another goixl plan is to jwiss a 4 or G inch j»i|»e down the well, bring it uj> with a long bcml at 
surface, and insert a steam jet; a brick chimney is frequently built over the njqxT ('iid of 4)ie pijx» 
h) increase the draught, and the lower end continued down with fic xibh* tubing. With either fan 
or steam jet, foul air Ixdng coutinuou.‘*ly withdrawn, fresh nir will rnsli down in its jdace. This is 
far lietter than dashing limow’ater down the W'ell, using a long wcsideii |»ij>e w'itli a rtivolving eaj>- 
hea<l, or jx>uring down a >enieal jdjie water which escaj>ed at right angles, the old exjKMlients for 
freshening the air in a well. 

A mc*aris of iucrc*asing the yield of wells, which is fr«*qijcntly very 8ucc<.*8sful, is flrive small 
tuiimds or headings from the Ixittom of the well into the surrounding wuter-lKjaring Htratum. 

As an example, let Fig. 21437 rejvresent a s**ctioTml jdan of a j>oriion of the water-bearing stmtuin 
at the bottom of the shaft. This stratum i*» underlaid by an iinjK rvious stratum, and, conseqiieuily 





the water will flow continuously through the former in the dii<«<*tion of the dip, as shown by the 
arrow and the dotted line*. That jiortion of the? stratum to the ris#? of the shaft H, which is ineJudod 
within vertical lines tangent to the circle at the points m and ?», will l>o draim*d by th© abaft. The 
br<-adth of this jx»rtion will, however, exlend<*<i I eyoitd these lituts by the relief to the bioral 
pn^urct aiforded by the shaft, which relief will cauMf the fillets of water to diverge from thedr 
<«rigtnal course hiwards the shaft, as shown in the figure. Hence the breadth of draiTiaGra ground 
will t»e a A, and it is ev idem t that the shaft H can re*c4*ive only that water which d«M»Cimds towards 
it through this sjmee. But if tunnels lx* drivc-n from the shaft along the strike of the stratum, as 
at m r, « £/, f)io>e tunnels will obviously intercept the water which flows past the shaft. By this 
“IS the diuioage ground is extended fitnu a h to a* b\ atid the yield of tlie well proioirtionaiety 
rt;aS(!d. 

It shruild lie rcmuirkecl that when tbe^ strata is borizontiil at depressed in the form of s bsslu 



WELL SINKING AND BORING. 


1137 


that is, wlien it partakes more of the character of a reservoir than a stream, the only use of tunnels 
is to facilitate the ingress of water into the shaft, and in such case they should radiate from the 
shaft in all directions. They are also of service in case of accident to the pumps, as the time they 
take to fill up allows of examination and repairs being maxle in that time to the pumps, which 
could not be inspected if the 4^ngines stopped pumping and the water rose rapidly up the shaft. 

The size of the headings is usually limited by the least dimensions of the space in which 
miners can work efficiently, that is, alx>ut 4} ft. nigh and 3 ft. wide. The horse-shoe form is 
generally adopted for the hides and top, the floor being level, for the drawing off of the water by 
the pumps is ejuite sufficient to cause a flow, unless of course the dip of the stratum in which the 
tunnels are driven is such as to warrant an inclination. Wliere there is any water it is not possible 
to drive them with a fall, for the men would lie drowned out. 

The foregoing remarks do not apply to hf3adings driven in the chalk, where it is the usual 
practice select the largest feeder issuing from a fissure and follow that fissure up, unless the 
heading is merely to serve as a reservoir, when the direction is immaterial 

Tim sides f»f wells usually require lining or stelning, as it is termed, with some material that 
will prevent the Ukisij strata of the shies of the excavation fulling into the well and choking it. 

Brick stelning is executed either in bricks laid dry or in cement, in ordinary cl.iy l>-in, work 
being used for large wells, and half-brick, or 4J in. work, for small wells. 

Figs. 2339 and 2,3.38 show the rnethoil of laying for 9-in. work, and Fig. 2340 for 4| in. The 
bricks are laid flat, breaking joint ; and, to keep out moderate land-springs, clay-puddle or concrete 
is ofb-n introduced at the back of steining. For most piir|K)»eH concrete is the best, as, in addition 
to its impervious diameter, it adds greatly to the strength of the steining. A ring or two of brick- 
W'ork in ocincnt is oflen introduced at intervals, varying from 5 ft. to 12 ft. a^iart, to strengthen the 
shaft and fucilitaU* the coiiHtriiction of tlie W'ell. 

Too much Ciiro cannot be be.'»towed upon the steining : if properly executed it will effectually 




exclude all objectionable infiltmtion. but, badly ma<lo. it may prove a source of trouble and annoy- 
ance. Half tlie wells cotalciuned on account r)f sewage conUunination really fail because of bad 
steining. 

The iiinteriaLs that have Is'cn sticccssfiilly used in this work are brick, stone, timber, and iron. 
Each description <*f material is suitable under c'ertaiu conditions, while in others it is objcctionahle. 
Brickwork, which is universally n.sed in steining wells in KnghtmKnot unfrequcntly fails in certain 
positions, through admitting impure wat< r when such 

water is undiT great pressure, or from the work lx*- 2340 . 

coming disjointed from setllemont due to the drainage 
of a running siind-h<*il, or the collapse of the well. 

8tone 4»f fair c|uality, capable of w ithstanding compres- 
sive strains, is gfxxi in its way ; but, inasmuch as it 
requires a great di^l of lubtur to fit it for its place, 
it cannot successfully coin|M^te with brickwork in tln^ 
formation of wells, more e>|H*cially os it has no iiu*rits 
sujxirior to those of brii’k wdien used in such work; 
however, if in any IcH'ality, hy re4ison of its cheapness, 
it can lie used, care shouhl Ih^ taken to select only such 
os upon test absorb the least quantity of moisture ; 
indeed, in all cases it is a |>oint of great importaiice in 
dying the tiaturo of the materials used in tlu^ con- 
struction of wells, to select those which are likely to be most durable, and at the same time preserve 
the purity of the water contaiiRxi in the well. 

Timber is objectionable as a material to be used in the lining of wells, <*ii account of its 
liability to decay, when it not only endangers the ooustruction of the well, but also to some extent 
fouls the water. It is very largely used under some eircuin stances, especially in the preliminary 
operations in sinking. It is also successfully used in lining the permanent shafts of the salt wells 
of Cheshire, and will continue entire in such a position for a great number of years, as the brine 
seems to have a tendency to preserve the timber and prevent its decay. Iron is of modern applica- 
tion, and is a material extensively employed in steining wells ; and, as it p<i68esses many advan- 
tages over nmieriuls ordinarily uschI, its use is likely to be much exU*iub d. It is capable of beiiriug 
great compressive strains, and of cff«»ctually excluding the influx of all such waters as it may bo 
desirable to keep out, and is not liable to decay under onlinary circumstances. Numerous 
instances are on record where recourse has been had to the use of iron cylinders, when it 
WHS found that four or five rings of hiickwork, set in the best cement failed to k<*ep out brackish 
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waters ; and, if the original design had provided for the introduction of these cylinders, it would 
have reduced the eo&t of the well very mutorially. 

The well sinker has often, in executing his work, to contend witli tho presence of large volumes 
of water, which, under oniinary cirounistancod, must be got rid of by pumping; but by the intro- 
duction of iron cylinders, which can be sunk under water, the consequent expense of pumping 
is saveil. 

When sinking these cylinders through water-lM*aring strata various tools are used to remove 
the soil from l)enoutli them. The principal is the inizer, which consists of an iron cylinder with 
an opening on the side und a cutting lip, and which is attached to a set of boring rods and turned 
from above. 

The valve in the old form of niizer is subject to various accidents which interfere with the 
action of the toed ; for instance, pieces of hard soil or rook often lodge l>etween the valve and its 
8€*at, allowing the contents to run out whilst it is being raised through water. To remeciy this 
defect, Tliomas Doewra, <ie8ign€*d tho improved niizer, shown of tho usual iHmensiona in 
Figs. 2341 to 2340; Fig. 2311 Ix'ing a plan at top. Fig. 2312 an eh^vatiou, Fig. 2343 a plan at 
bottom. Fig. 2345 a stH'tiou, Fig. 2344 a plan of the stop o, and Fig. 2310 a plan of the valve. It 
consists of an iron cylinder, conical-shaped at Indtom, furnishe*! with holes for tho escane of water, 
and attachcfi to a central .^hank hy means of stays. The shank extends some 7 in. hoyond the 
^ttoiii, and ends in a |>oint. while the upper part of the shank has an €»pen slot, to form a box- 
joint, Fig, 2342, with the rods. The conical bottom of the mizor has a triangular-shajH^l Ofiening ; 
on the outside of this isfitbxl a strong inm cutter, and on the inside a properly shaped valve, w^efi 
in section and plan in Figs. 234.5 ami 23 U». When the luizer is attaclu^l to and turne<l hy means 




of the boring rods, the debris, sand, or other soil to Ixj rc^moved, Wing tumcsl up by tho lip of tho 
cutter, enters the cylinder, the valve whilst the mizer is Ailing, resting against a stop. After the 
iiiizer is charged, which can Ijc asoertaine«l by placing a mark upon tho last rod at surface and 
noting its progress downwards, the rods are reversed and turned once or twice in a backward 
direction ; this forces the valve over the opening, and rt^tiins the soil safely in the tool. 

Fig. 2350 is a pot inlzer, occasionally used in such soils as clay mixed with pebbtos. There is 
no valve, as the soil is forced upward by the worm on the outside, and falls over the edge into the 
oon<j. 

Mizera are fastener! to the rods by means of tho box -joint, Figa 2347 to 2349, as a screw-joint 
would come apart on reversing. 

As many as five or six difrerent-sixed mizers. ranging from 1 ft. 6 in. to 9 ft. in diameter, can }>e 
used successively, the smallest commencing the excavation, and the larger ones enlarging it until 
it is of the requisite size. 

As an accessory, a picker, shown by the three views. Figs. 2851 to 2853, Fig. 2352 indicating 
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its correct position when in operation, is employed where the strata is too irre^lar or compact to bo 
effectually cleared away by the cutter of the mizer. The picker is fixed upon the same rods above 
the mizer, and is used simultaneously, being raised and lowered with that tool. 

The cutting end of the picker is frequently replaced by a scratcher, Figs. 2354, 2355. This 
useful tool rakes or scratches up the debris thrown by the mizer beyon<l its own working range, 
and causes it to accumulate in the centre of the sinking, where it is again subjected to the action 
of the mizer. 

Certain common mc'thods of boring have bi*en alrea<]y referred to in this Dictionary. The 
Chinese method has been generally disused, iron or wood rods substituted in the ydace of the rope. 


2350. 



2351. 



and n variety of angf'rs and ehisels instend of the simple chisel, with appliances for clearing the 
lM>re lioje of debris. Figs. to 2373 shf*w examples of an ordinary sot (►f welMoring Uvds. 
Fig. 2358 is a flat ohis<*l , Fig. 23.*>P a V-ehiw l ; and Fig. 23t>t> a T-<*his^?l. These chisels an^ made 
from wn*ught-iron, and wh« n sm.tH are usiiallv 18 in. long, 2^ in. extreme breadth, andweitrh some 
Ih., the cutting c'<lge ls‘ing fueod with the Ix-st sttn?!. They are used for hard rocks, and whilst 
in need Ciirefullv watehing that thev mav be removed and fresh tools substituted when 

their sides are suthciently worn to diminish their bread th. If this 
eircumstauce is n*)t attended to the size <»f the hole dee reas<'S, so that 
wlien a new' chisel <tf the piv»|K*r size is introduced it will not jwiss 
down to the b<dtom of the hole, ami much unnecessary delay is occa- 
«ion«xl in enlarging it. In Wiirking with the chisel, the Isirer keeps 
the tilb*r, or handles, in IsUh hands, one hand lieing placed upon each 
handle, and moves slowly round the Iw.re, in or«Ier to prevent the 
chisel from falling twdee suet'essively in the same place, and tlai.s 
preserve the h<»le cireiilar. Every time a fresh chisel is lowereii 
to the bottom it should be worke<l round in the hobs to test whether 
it is its prr>fx»r size and shape ; if this is not the case the chised must 
l>e raised at once ami worked gradually and carefully nndl the hole 
is as it should l>o. The descriiition of strata ladng cut by the chisel 
can be as<*(Ttained with <*oti8iderable aecumey bv a skilful woikiimn 
fr<»m the oharseter of the shirks transmitteil to tiie nsls. 

When working in s mtlsUme there is no adherence of the r*>ek to the chisel when draw'n to the 
surfiiw, but with clays the contrary is the case. Shoxild the stratum l>e very hanl. the chisel may 
l>e worn and blunt llcfon^ cutting thrt*e'quHrtt*r8 of an inch, it must tluTefore be raistxi to the siir- 
foco and frec|uently examined ; how<*vtT, 7 i»r 8 irieh«»s may be l>onHl without examination, should 
the nature of the stratiint allow of such pn»gress Ixung made. 

Oroi]iifbfing€»rH, Figs. 2^150, 2357, 2362, are similar in action to those used for leering wood, but 
dtiTer in abatx^ and Oiinstr,iction. The ot>miiioii eurth-auger. Fig. 2356, is 3 ft in length, having 
the lower two-Udrds cylindricid. The bottom is (lartially closed by the lij>s, and there is an opening 
a little tip one side for the admission of soft or hruiscxl mab rial. Augers ore only iisetl for 
penetrating aoft rock, clay, and sand, and their slia^x^ is varitd to suit the nature of the strata 
traverserl, being open and Vyliiuhrical for clays having a certain degree of cohesion ; onnioal, and 
sometimes closed, in nriicksands. Augers am sometimes made as long as 10 ft., and are then very 
efibclivo if the strata is soft enough to permit <if their use. 

The sliell is made from 3 ft. to 8^ ft. in length, of nearly the same shajie as the common auger, 
sometimes closed U) the bottom, Fig. 2362, or with an auger nose*. Fig. 2357 ; in either case there is 
a clack or valve place<i insidt* for the purpose of retaining borings of a soft nature or preventing 
them fW>m being washeii out in a wet hole. ^ 

Figs. 2363, 2365 are wad-hooks for withdrawing stones, and Fig. 2364 a worm-auger. 

4 i> 2 
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The crowVfoot, Fig. 2361, is used when the boring rods have broken in the bore-hole, for the 
purpose of extracting that portj<m remaining in tlio hole ; it is the same length, and at the foot the 
same breadth, as the chisels. When the rocU have broken, the part above the fracture is drawn out 
of the bore-hole, and the crow’s-foot screwed on in place of the omken piece. When this is lowered 
down upon the broken rod, by careful twisting the toe is caused to grip the broken piece with 
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I eiiflicicnt f<»rce to allow the |iorlion Ik*1ow the fraetiire to lx* dniwn out of 

A rou;rh esjxHlifnt in u inetid ring to a ri»jK> and 

I 1 lower it over the brok* ii nMl. win n the nnl cants the ring, and thus gives 

/ V j I { it a eonsslerable grip; this is f»ft>*ii vtry suct'essfiil. is a worm 

^ u.xed for the same purpos*-. A 1h*11-1>ox. Fig. is frt>r|uently employisl 

^ Br drawing br»iken r«rHl«; it has two palls fixc'fl at the tr>p of the box, 

w'hi^'h rise and permit the ♦ nd of the rcsl to pass when the ls»x is lowere<l, 
but upon rising the ywills fall and grip tlie r<sj tirmly. A 
spiral angular womi, niiiiilar to Ftg. 2363, is also applied for 
withdrawing tul»es. 

Of these withdrawing lords the crow is the stifi^st and 1>est, 
as it niay Ijc u.-e<l without that intelligent HniH»rvi-ion ami 
care absolutely iiweasary with the worms and wHahcH>kM. or the 
belM»ox. 

The boring rmls, Figs^ 2367, 2368, are in 3, 6, 10, 13, or 20 feed h^ngihs, of w rraight- 
iron, prcderaidy Swedish, and are made of dilTerent degree's of strength, aoeordmg to 
the depth of the hole for which they are r<i<|uirtd : they are generally I in. iH|uare in 
Hf*ction ; at one end is a male and at the other end a femah* sr^reiw, for the purpose of 
o.nneeting them together. The M*rew sloijlri not have fewer than six tlintHrls, and 
have a bevelled shouldcsr. One of llie sirles of the female screw fre<pieritly splits and 
allow's the male screw to be drawn out, thus leaving the i^xls in the hole. Ily constant 
wear, also, the screw may have its thread so worn as to Ixicome liable to sli|>. Common 
resjs, bt ing most liable to acetdent, should la? carefully exaniiiied every iitiie they are 
drawn out of the )>oiv>hole, as an unobserved failure may occasion niuch iiiconvenienoc, 
and even the loss of the bore- hole. 

. In tiddition tf> the ordinary rods there art; short pie<»es, varying from C in. to 2 ft. in 
hmgth, which are fixed at the top as rerpiire*d, for adjusting the rods at a convenient height. 

Fig. 2363 is a hand-dog; rigs. 2370 and 2371 a lifting dog; Ftg. 2372 the tillers or handles 
by which the workmen imjairt a rotary motion U> the to<Js, The tillers are clamped to the top- 
most lx>riijg rwi, at a convtfiiient height for working. Fig. 2367 a top-roil with shackle; Fig. 2373 
a ^riiig book. When in uwf this should lie frequently examined and kept in repair. 

^Idiitfig tobc^s are employed to prevent the br^nvlnde falling in through trie lateral sweiling 
of clay, strata, or when {Missing through running sand. I’he tulitNi are usually of iron, of good 
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quality, soft, easily bent, and capable of sustaining an indent without fracture. Inferior tubes 
occasion grave and costly accidents, which are frequently irreparable, as a single bad tube may 
endanger the success of an entire boring. 

Wrought-iron tubes with screwed Hush joints, Fig. 2374, are to be recommended, but they are 
supplied orazed, or riveted, Fig. 2375, and can l>o fitted with steel driving collars and shoes. 
Cast-iron tulies arc constantly applied ; they should have turned ends, with wrought-iron collars 
and countersunk screws. 

Cold-drawii wrought-iron tubes have been used, and are very effective as well as easily applied, 
but their relatively high cost occasions their application to be limited. 



Fig. 237fi shows a stud-hlock, which is usexl for su8{)onrling tubing, either for putting it down or 
for drawing it uf>. It coiisintH of n bloc^k made to fit inside the end of the tube, and attached to the 
rods in the usual way. In llio side of the block is fixed an iron stud for slipping into a slot, 
similar to a bayonet joint, cut in the end of the tube, m that it may be thus suspended. Figs. 2377 



2370 - 



2371 . 


to 2379 show vnritms forms of spring darts, and Fig. 23S0 a pipf-<h>g, for the same purpose. 
B<'nietime8 a cimical plug, with a screw’ out anuind the outnide for tiL'^htening itself in the upper 
end of the tiil>e, i.s us< tl for raising luul lowering tubing. Figs. 2381. 2382 are of tul>e clamps, and 
Fig. 2383 tongs for screwing up the lubes. 

Fig. 2384 is a pipc'-tlolly, u.sed for driving the lining IuIh'B ; the figure shows it in jx^sition ready 
for driving. 

'When a projoidiou in tiu' l>oro-liolc obstructs the downw’ard course of the lining tubes, the hole 
can be enlargeci below the pi|H*8 by means of a rimer. Fig. 2385. It consists of an iron shank, to 

2376 . 



which is l)oltcd tw'o thin strips bowcMl out into tho form of a <lmwing pen. The rimer is sc^wed oii 
to tho boring roils, and fbrccnl down through the pipes ; wdion below the last length ot piix», the rii^r 
expands, and can then bo turucii round, which has the effect of scraping the sides and cn.arging 
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that portion of the hole subject to its operation. Fig^. 2386 is of an improved form of rimer^ 
termed a riming spring. It will be seen that this insfruraent is much stronger than the ordinary 
rimer, in consequence of the shank being extencitKi through its entire length, thus rendering the 
scraping action of the bows very effective, whilst the slot at tlie foot of the hows permits of its 
introduction into and withdiawal Arom, the tubing. 
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In Englan<l, for small works, the entire lioring apiniratus is fri-qiiently armngr<d as in Fig. 23S7, 
the t<K>l hiding at the end of the wrrmght-inm rotls iitsttud of at the end of ii mjK?, as in the 
Chinese methf si. Reb rriug to Fig. 2387, A is the boring Uk)! ; B tlie nsl U> which the t4s»l is 
attached ; D D the levers by w'liich the men E E give a circular or rotating iimtion to the bnd ; 
F, chain for attaching the boring ap{iamtus to the' fsdeti, which is tixed at 11, ami hy its means the 
man at I transmits a vertical motion to tlie l>oring totd. 

The siieer-legs, made of sound Norway s|»ars not less than 8 in. diameter at the Ixdtom, are 
placed over the Inire-hole for the purptjse of supprirtiiig tin* tackle K K for drawing the nxls out of 
or lowering them into the hole, when it is advisable to chan out the hole or review the chisel. It 
is obvious that the more frf>niently it is necessary to bnak the joints in drawing and loa'critig the 
rods, the more time will be<Kx*upied in changing the chimds, or in efich cleantiig of the hole ; and as 
the depth of tije hole incrf^ascs, the more t<*dioiis w'ill l#e the oj»c*nition. It thenifore b< comes of much 
jiiip^rtarice that the rtsls should Ik* drawn and h>wered asquii-kly as iMmstlde, and to attain this end 
as long lengths as practicable shouid Ixj drawn at <‘uch lift- The iet»gtn of the lift or off-take, ns it is 
termed, dejs nding altog<dbor tj|M#ii toe height of the lifting tackle aUive the U»p of to4» iKin-holo, 
the length of the shecr'legs fora lade of any considerable depth should not lie less than to 40 ft., 
and they usually stand over a small pit or surface-well, which may be sunk, where the clay or 
gtavel is dry, to a depth ol 20 or 30 fL From the Ijottom of this pit, the lH>re-liole may Isa com- 
lueiieed, and" here will lie stationeil thcr man who has charge of tint txirct-hole while working the rrsls. 

The arrangement. Fig. 238^, is int4;n<led for cither «leep or difllcult boring. A n gular scaffold* 
log is erf*ctefl, nfK>n wliich a platfonn is built. The Ixiring chisel A is, as in the last ItisUince, 
couplfHi by on aris of w'rew couplings to the iK^ring rods B. At 4*ftch stiokc, two men statioried at 
K E turn the rrsi i^ligbtly by means of the tiller I) D. A rojK? F, which is nttacheil to the boring 
tool, In flashed a few times round the drum of a windlass Ci, the end of the ro{>e Ireiog held by a man 
at 1. When the handb^ are tunied by the men at E the man af 1 pulls at the ro[ie, and the 
friction Ixitweeii the ro|R* and the drum of the windlass is then sufHetent to raise the itNls and 
Ixiriug biol ; but as soon as the UKd has been raised hi its intended height, the intin at I slackens 
Ids hold ufirpn the roijc ; and as there is insutlicient friction fm the drtim to atistaiii the weight of the 
boring *hcy (ail. By a r<qietiti«)ii of this operation the well is l>urtKl, and after it has bi^eti 
ciiitinued a sullicierit length of time, the tiller is utiscrewad, and a lifting dog, attached to the ro|ia 
from the windlass, is )*tas»ed ovf r the U>p of the ri«ds, and Iheti a short top-rod with a shackle is 
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Borowcd on. The two men at the windlass draw up the rods as far as the height of the scaiTolding 
or sheer-legs will allow, when a man at E, Fig. 2888, by pas^ng a hun<i-dog ur a key upon the top 
of the rod under the lowest joint drawn above the top of the hole, takes the weight of the rods at 
this joint, the men at L having lowered the rods for this purpose; with another key the rods are 
unsorewed at tliis joint, the mpe is lowered again, the lifting dog put over the rod, another top-rf»d 
screwed on, the rods lifted, and tlie process eontinm d until the chisel is drawn from the hole and 
replaced by another, or, if necessary, rephiced by some other tool. 



When a <h*i*p b<*rifig undortaken, <lireot from tho surface, the o|>crati »n had best be C4»ndut*U*d 
with the aid of a boiing she<'r frame. This consists of a frameaoik of timl>er bulks, ujKm which 
an^ erected four stand •nls 27 ft. in lieiglit and in. x I ft. thick, .‘1 ft. 8 in. apart at bothnii, 
and 1 ft. 2 in. at top. 'i'hi* htaiidardM arc tied by means of cro-s pieces, iij>ori which sltoulders are 
cut whieh fit into mortise holes, ami arc fastene«l hy means of woollen keys, the btaiidards biung 
suriiiouiitcit by two head piives 5 ft. long, mortised and fitUni. Upon the head pieces two 
iiidt*)>endcnt ca.st-inai guiMe pulleys are aiiangeti in U'ariiigs; over these pulleys are le^l the ends 
of tw<» ri>|»cs coiling in ojiposite tlireclioiiH u|>on the barrtd of a windla.ss moved by spur gearing, 
and having a ratel.et ^top attached to a pair of diagimal timlierH, connected with the left-hand legs 
or staiidards ot the sheers, near the gnmiid. 'I'hese ropes are u&ed for raising or lowering tiio 
lengths Ilf the Uiriiig n»‘l. 

Kight feet Ih-Liw the iK'arings of the top pulleys, a pair of horizontal traverses is fixed acri»sstho 
frame, stip|M*riing smaller pulleys moiinti d on a en.'^t-imn frame, whieh is eapable of motion lielween 
horizontil wooilen slides. Over these pidleys i.s led a ro|H* from a plain windlass fixinl to the right- 
hand legs of the fnune, to be used for raising or lowering the shell to extract the debris or rubbish 
from the hole. 

The levi r, 15 ft. l<*ng, and in. X (> in. in section, is supported hy an indei>endeut finil>cr frame. 
It has a c^fst-iroii cap, fcstemnl by means of two iron stra|>s, cast with lugs through which b<>lts are 
paarnHl, f» cse Iwing lightencii with nuts in tbo ordinary manner. The bearing-pins at a are 1| in. 
in diaiiu ter, and also form part of the low'or strap. VJjhmi the c.ap is an iron h<H>k ; to this a ehaiii 
Is aitaehed <nirrying tlieb]»ring hrsik which l»ears the top shackle of the rotls. The top of the Uue- 
hole IS surrounded hy a w*»o<len tuln' 1 ft. in diameter, and elo.HHl by a hiiigiHl valve, whoso 
action is similar to that c»f a clack-valve; this has a hole in the cimtre for the rods to pass up and 
tiown fretdy, Ttic valve iHuinits of the introduction and withilruwal of the tools, and at the same 
time tmweiiU anything from ubtive falling into the Imrt'-hole. 

Tue lover is applied by pressure u^sm its outer end. and as the relation of the long to the short 
arm is as 4 to 1, a depn'ssion of 2 ft in the one case pitHiuces an elevation of ti in. iu tne other, the 
uiinimtim range of action, the nianimum lauiig 20 in. 

With tlio sheer-frame, tho U>ring tools are worketl in the same inannor as in the preceding 
aiTfiiigoiuenis. Figs. 2HS7, 2888 ; hut its portability, compactm ss, am! adaptation of means to the 
required end render its use dc^imhle wherever it is possible to obtaiu it. 

When in the progress of the work it is found that the augt r d(H*s nut go down to the dt^pth fioin 
which it was willidrawn after trial, tubing will generally necessary. The hole should be oularged 
from the surfai^e, or, if not very dcsep, oominonced afresh fnan tlie surface with a larger auger, and 
run down to nearly the same ilepth ; the first length ot tul>e is then driven into the hole, and 
when tliis is effected aiioUior tube, having similar dimensions to the first, is screwed into its 



1144 


WELL SINKING AND BORING- 


end, and the driving repeated, and so on until a suffloient number of pipes have been used to reaoh 
to the bottom of the hole. If the ordinary auger is now introduced through these tubes, it will have 
free access to the clay or sand, and after a few feet det‘per have been bored another pipe may 
be screwed on, and the whole driven further down. In tins way from 10 to 20 ft. of soft stratum 
may be bored through. If the thickness of th(» surface clay or saiul is considerable, the method here 
mentioned will not effective, as the friction of the pipes caused by the pressure of the strata will 
be so great that ^lerhaps not more than 80 or 100 feet can be driven without the pipes being injured. 
It will then i»6 necessary to put down the first part of the l>ore*hole with a large auger, and drive 
in pif)es of large diameter ; the hole is continued of smaller diameter, and limnl with smaller tubes 
projecting beyond the largo tubes, as in Fig. 2389, until the necessity for their use ceases. It will 



bc^ evident that to ensure success the tubing, whatever it is made of. should lie ns truly cylindrical 
as possible, straight, and flush 8urfa4'e, lioth outbid#? and in. It will also be evident tltai in tlius 
ioining pieces of tubing together, the thickness ought to have a due projiorttotj to the work required, 
and the force likely lj»e u?^l in screwing or driving them down. 

Wfoughl-iri.ri tidies, when driven, must be w'ork<*a carefully, by means of a ring made of wrought 
iron, from IJ t/> 2 in. in height ami f in. thick, and of tlur form shown in Fig. 2390; or driven 
with a piprwlolly such as that in Fig. 23HI. The ring, or the dolly, is screwed into the 
lowerimmt U>ring and worked nt the same rate and in a similar umtiiier to the chisel, due 
regard l^dng hml to the depth at which the driving is Isdng done, as the weight of the boring rode 
will inateriully affect the strength of the blow delivered. Cast-iron tubing may he driven 
with a monkey. To w'ithdraw broken or deftictivc tubing quickly, two hooks attached to topes 
ar:e lowered down from opiiosiu* sides of the iiore-holc, caught on the rim of the lowennost tuW, 
ann priwer applic^l to haul the tubing tip bodily. 
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Figfl. 2391 to 2395 show good methods of forming tube or pipe joints, both in cast and 
wrouij^t iron, when not screwed. 

In some cases it is necessary to widen out holes btlow the sharp edge of tubing, so as to 
permit its descent. This is effected by a rimer. Fig. 2385, and is an operation requiring great 
care and attention. 

To reduce the stoppages for the withdrawal of debris, the system of Fauvelle was introduced, but 
it is now very little practised on the Continent, and not at all in Great Britain. The principles 


2a8S. 



upon which it was founded were; first, that the motion given to the tool in rotetion was simply 
derive<l from the ro>istanco that a rope would oppose to an effort of torsion ; and therefore that the 
limits of application of the system were only such as would provide that the tool should sately 
acted upon ; and, secondly, that the injt»ction of a current of water, descendmg a central 

tube, should wash out th«> tlebris created by the cutting t<xil at the b<)ttem. The diraculUes attend- 
ing tlie removal of tho debris were groat ; and though the system of Fauvello answered tolerably 
well when applied to shallow b<»ring8, it was found to be attended with such disadvantages when 
applied on a largo scale, that it has been geuerallv abandoned. The quantity of water ^quired 
to Keep the boring tool clear is a great objection to tne introduction of this system, especially as in 
the majority of discs srtesiun wells are sunk in such places as are deprivetl of the advantage of a# 
large supply. 


1146 


WELL SINKING AND BOEING. 


In the ordinary system of well boring, innumerable breakages and delays oo<w when a boring 
18 required to be carried to any depth exceeding 200 or 300 ft., owing to the buckling of the rods, 
thoOTVstallization of the iron by the constant jarring at each blow, and particularly the increased 
weieht of the rods as the hole gets deeper. It follows from this that where the excavation 
deep there is considerable difficulty in transmitting the blow of the tool, in consequence of the 


S393. 
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vibration producetl in the long rod, or in consequence of the torsion ; anti, for the same rcabon, 
there is a danger of the blows not being equally delivereil at the lioitom. It has benm attempted to 
obviate this difficulty, but without much sucof'ss, by the use of hollow rods, prtwntiiig greater 
sectional area than was absolutely necessary for the iiarticular case, in order to increase their 
lateral resifstance to the blows tending to produce vibration. 

Mather and Platt’s system has been already referreil to at p. 520 of this Dictionary, and is 
shown in detail. Figs. 2390 to 2419. 

Figs. 2390 to 2402 are the m«xie of giving the iiercnssive action to the Iniring t<K>l. and the con- 
struction of the tool or l^oring-hcad, and of Uie shell-pump for clearing out the hole after the action 
of the boring-lu*ad. In^teati of these implements being attached U) rods, they are sus|>cnded by 
a fiat liemp ro{K3, about i in. thick and 4^ in. broad. 

The fiat roj>e A A, Fig, 2399, from which the boring-hea*! B is suspended, is wound upon a largo 
drum C driven by a steam-engine I) vrith a reversing motion, so that one man can regulatt^ tlic 
opt'ration with the gn-atest ea.He. All the working parts are fitte<l into a wo.hI or iron framing KK, 
r*;ndcriiig the whole a comjject and fHimplete machine. On leaving the ilniin C tlie ro|>e |>ass4*s under 
a guide pulley F, and then over a Uu'ge pulley G carried in a fork at the top of the pistou-rKl rd’u 
vertical single-acting sb ani cylinder. 

This cylinder, hy whif'h the |>ercussive action of the boring-head is pr^Hliic^fl, is hIiowii to a 
liirger scjile in the vertical secthms. Figs. 2399, 2400; and in the largrr size of imudiine herf^t>hown, 
the cylinder is with a piston of 15 in, diameter, having a heavy cti»t-iroii r*sl 7 in. tM|nun!, 

vrhich is made with a fork at the b»p Ciirrying the fiaiiged pulley G of about 3 ft. diiuiicder, and of 
sufficient brt‘atlth for the fiat rofie A to pass over it. The Ixiring-head having hwri lowerwl by the 
winding drum to the l>ittom of Uie liore-bole, the rope is fixe<I i»eciiru at that length by the clamp J ; 
steaiini is then a<linittr!<l underneath the piston in the cylinder H by the sU^atii valve K, and the 
boriiig-ksd is by the aseent of the pisUm rcsl and pulley G ; and on arriving ut the top of the 

stroke th*' exhaust valve L is opened for the sU^am to escaf>e, allowing the piston-r«Ml and currying 
pulley fall freely with the Ixiring-tool, which falls with its full weight to the Ixdtom of the Ixins- 
holc. The exhaust-i»<>rt is fi in. aU»ve the lx>ttorii of the cylinder, while the siitam |K»rt is situabMl 
at the bottom ; and there is thus always an elastic cushion of steam retainefl in the cylinder of that 
thickness fur the piston to fall ufjon, preventing the pisbiii from striking the lx>tU>iiiof thec\lind<-r. 
The steam and exhaust valves are worktxl with a self-acting motion by the tippets M M, wfiicli are 
actuatt^d by the movement of the piston-ro<i ; and a rapid stiooossion of blows is thus given by the 
Ixiring tK>l on the bottom of the Ixne-hole. As it is neortssury that tJe>tton should be given to the 
{listofi iu'fore the valves can Isj acted u[Min, a smalt jet of str^m N is allowetl Ikj cotislaiitly blow- 
ing trih> the bottom of the cylinder ; this causes the piston to move slow I v at first, so as to tike up 
the slack of the rope and allow it to rt'Oeivi^ the weiglit of the boring-heiul gradually and without a 
jerk. An arm attached to the piston-rod then comes in crmtact with a tappet which a|H*ris the steam 
valve K, and the piston rises quickly to the tip of the stroke ; another tapfiet worked by the same 
arm then shuts off the steam, and Uic exhaust valve L is opened by a corresponding arrangemcfii 
on the opfxisite side of Uie piston-rad, as in Fig, 2400, Hy shifting those tap|>ets the Jerigtli 

of stroke of the piston can be varied from 1 to 8 ft in the large machino, tic«ording to the i 

Ui borisi through ; and th© height of fall of the ixiring head at th© liottoin of the Imn^hole is 
double the length of stroke of the piston, 'fh© fall of the tMirtng-hend and pistoii can also be regu- 
^latixl by a weighhxl valve on the exhaust pi|a\ checking the escu|»e uf the steam, so as to oauso the 
descent to take place slowly or quickly, as may Us desired. 
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The borine>head B, Fig. 2396, if shown to a larger scale in Figs. 2401 to 2403, and consists of a 
wrough^iron bar about 4 in. diameter and 8 it, long, to the bottom of which a cast4ron cylindrical 
block O is secured. This block has numerous square holes through it, into which the chisels or cutters 
D D are inserted with screwed taper shanks, as in Fig. 2402, so as to be very firm when working, but 
to be readily taken out for ri pairing atid sharpening. Two diOerent arrangements of the cutters 

are shown in the elevatitm. Fig. 2401, and the 
plan. Fig. 2403. A little above tlie block C another 
cylindrical casting £ is fixed upon the bar B, which 
acts simply as a guide to keep the bar perpen- 
dicular. Higher still is fixed a second guide F, 
but on the circumference of this are secured cast- 
iron plates made with ribs of a saw-tooth or ratchet 
shape, catching only in one dirt ction ; these ribs 
are placed at an inclination like segments of a screw- 
thread of very long pitch, so that as the guide 
bemrs against the rough sides of the bore-hole when 
the bar is r.tised or lowered they assist in turning 
it. for causing the cutters to strike in a fresh 
place at each ^rokc. Each alternate plate has the 
projecting ribs inclined in tlie op|x»site direction, so 
that one half of the ribs are acting to turn the 
bur round in rising, and the other half to turn it in 
the same direction in falling. These projecting 
spiral ribs simply assist in turning the bar, and 
immediately aiiove the upf>er guide F is the 
arrangement by which the definite rotation 
is sec'ured. To effect this object two cast iron 
collars, G and H, are cottered fast to the top of the 
bar B, and placed about 12 in. a|»art ; the upper 
face of the lower collar G is formed with deep 
ratihet-teetb of alx>ut 2 in. pitch, and the under face 
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of the top collar II is f4»rnHMl with sitnihir ralchel-ie4>th, set exactly in line with tlu«e on tlie 
lower Collar. lk»twt*en th<w collars and sliding frcMidy on tlie neek of the lioring l>er B is a 
deep bu>«li J, wliich is also foriiuHl with correa|K>nding mti-het- teeth on l»oth its up)»er ami lower 
fiiccH ; hut the ttH th on the uppv>r face itTv sot half a l<x>th in advance of those on the lower face, 
so that tlie |M"rp* ndicular side of each t<K>th on the upper face of the bush is dinvtlv above the 
ivTitro of the im*lin<Hl side of a t<H»th on the lower faee. To this hush is attached tlio wrought- 
iron lx>w K, by which the w'lade l>oring bar is siisi^endi^i with a hook ami shackle O, Fig. 2399, from 
the end of Iho flat nqn* A. The mtary motion of the Iwir is ohUuncvl i\s follows : when the boring 
tool fulls ami strikes the blow, the lifting-busli J, widoh during the lifting has been engagctl with 
the rutchot-tiH'tli of tho top collar H, falls upon those cd the lK>tt4L>ni collar G, and tlu'rt'by receives 
a twist liaekwards tliMUgh the spnci^ of half a tooth ; and on commencing to lift again, tho bush 
risitig up against tht> n^tchet-tcetli of tlu» top ctillar H, receives a fiirther twist l>tickwnrds 
ihmiigh halt a t«»olli. The fiat rojw is thus twisUHl lim^kwards to the extent t»f one hxdh of tho 
rabiiet ; and during the lifting of the t<v»l it iintwists again, thereby rotating the Imring too^ 
forwards through that extent of twist iNitwinm eardi suects^he blow of the tool. The amount of 
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the rotation may be varied by making the ratohet-teeth of csoarser or finer pitch. The motion is 
entirely self-acting, and the rotary movement of the boring tool is ensured with mechanical 
accuracy. This simple and most effective action taking place at evciy blow of the tool produces 
a constant change in the position of the cutters, thus increasing thrir effect in breaking the rock. 

The shell-pump, for raising the material broken up by the boring-head, is shown in Figs. 2404, 
2405, and consists of a cylindrical shell or barrel P of cast iron, about 8 feet long and a little smaller 
in diameter than the size of the bore-hole. At tlie bottom is a clack A opening upwards, somewliat 
similar to that in ordinary pumps ; but its seating, instead of being fastened to the cylinder P, is in 
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an annular frame C, which is held up against the }x>ttom of the cylinder by a ro^l D paf^ing iin to 
u wrought-iron bridge E at the top, where it is secured by a cotter F. InsirJe the cylinder works a 
but'ket B, similar to that of a common lift-pump, having an iudianibl>cr disc valve on the ton side ; 
and the rod D of the iKittom clack passers freely through the bucket. The rod (} of the oucket 
itself is fonned like a long link in a chain, and by this link tbe pump is stisjiendeil from tlmsltackle 
O, Fig. 2399 at the end of the flat rf>pe, the bridge E, Fig. 2404, preventing the Imcket from l)eing 
drawn out of the cylinder. The bottom clack A is made with an indiariiidMir disc, which opens 
sufficiently to allow the water and smaller particles of stone to enter the cylinder ; and in order to 
enable the piecea of broken rwah to be brought up us large as fKutsible, the entire clack is free to 
rise Ijodily about fi inches from tbe annular frame C, os shown in Fig. 2404, thereby affording 
ample space for large pieces of rock to enter the cylinder, when drawn in by the up stroke of the 
bucket 

The general working of the lK>ring machine is as follows : The winding drum C, Fig, 2S96, is 
10 feet diameter in the Targe machine, and is capfible of holding 3000 fe<it length of rope inches 
broud and j inch thick. Wlien tbe boring-head B is horiked on the shackle at the enci of the rope 
A, its weight pulls round the drum and winding engine, and by means of a break it is lowered 
steadily b> tbe bottom of the bore-hole ; the rope is ihen secured at that length by screwing up 
^‘dgUt the clamp J. The small steam jet N, Figs. 2399, 2400, is next turned on, for starting the 
working of the percussion cylinder H ; and the lK>ring-hea<l is then kepi continuously at work until 
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it has broken up a sufficient quantity of material at the bottom of the bore-hole. The clamp J 
which grips the rope is made with a slide and screw Fig. 2399, whereby more rope can be 
gradually ^ven out as the boring-head penetrates deeper in the hole. In order to increase the 
lift of tlie boring-head, or to compensate for the elastic stretching of the rope, which is found to 
amount to 1 inch in each 100 feet length, it is simply necessary to raise the top pair of tappets on 
the tappet rods whilst the percussive motion is in operation. When the boring-head has b^n kept 

2399. 



at work long enough, the steam is shut off fn^ra the percussion cylinder, the rope unolamped, the 
winding engine put in nu»tion, and the boring lietnl wound up to the surface, where it is then slung 
from an overhead susf^eusion bar Q, Fig. 2.390, by means of a hook iiioiinttMi on a roller for running 
the Wing head away to one side, elear of the lic>re-holc. 

The shell-pump is next loworcnl down the Iwre-hole by the roj)e, and the de'bris pump^ into it 
by lowering and raising the bucket almiit three times at the liotbiui of the hole, which is readily 
effected by means of the reversing motion of the winding engine. The pump is then brought up to 
the surface, and emptied by the following very simple arrangement : It is slung by a traversing 
hook from the overhead snspen>ion bar Q, Fig. 2390, and is brought p<‘rpendicularly over a small 
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table R in the waste tank T ; and t)ie table is raised by the screw B until it receives the weight of 
the pump. The cotter F, Fig. 2404, which holds up the clack seating C at the bottom of the 
pump, is then knocked out ; and the table being lowered by the screw, the whole clack seating O 
descends with it, as shown in Fig. 2405, and the contents of the pump are washed out by the rush 
of water contained in the pump cylinder. The table is then raised again by the screw, replacing 
the clack seating in its proper position, in which it is secured by driving the cotter F into the slot 
at the top : and the pump is a^in ready to be lowered down the borediole as bt?fore. It is some- 
times necessary for the pump to be emptied and lowere<i three or four times in order to remove all 
the material that has been broken up by the boring-head at one operation. 



The rapidity with which these opetrations may be carried on is found in the experience of the 
working of the machine to be as follows; The boring-head is towererd at the rate of 500 feet a 
minute. The p^^rcusstve motion gives twentv-four blows a minute; this rote of working coniinaod 
for ulK>ut ten minutes in red sandstone and similitr strata is sufficient for enabling ilie cutters to 
fictietrate al>out 6 inches depth, when the boring-head is wound up again at the rate of 300 feet a 
minute. The siiell-pump is lowered and raiiM9<l at the same specks, but only remains down 
about two rninuUts ; and the emptying of tlie pump when drown up occupies about two or three 
Vuinutes. 

lu the constmetion of this machine it will be seen that the great desideraittin of all eortli boring 
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has been well kept in view ; namely to bore holes of large diameter to great depths with rapidity 
and safety. Tlio object is to keep either the boring-hei^ or the shell-pump constantly at work at 
the bottom of tlie bore-holo, where the actual work has to be done ; to lose as little time as possible 
in raising, lowering, and changing the tools ; to expedite all the operations at the surface ; and to 
economise manual labour in every particular. With this machine^ one man standing on a platform 
at the side of the percussion cylinder performs all the operations of raising and lowering by the 


2401. 2402. 
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240J. 

winding engine, changing tlie boring-boad and shell-pump, regulating the percussive action, and 
clamping or unclamtnng the rope: all the handles for the various steam valv^ are close to ms 
hand) and the break for lowering is worko<i by his Two labourers attend to changing the 

cutters and clearing the pump. Diiplicaio boring-heads and pumL>s are slung to the overhei 
suspension bar Q, B^g. 23Dr>, remly for use, thus avtdding all delay when any change is ri>quisito. 

As is well known by those who have charge of such operations, in well boring 

aoeidents and stoppages occur from causes which cannot Iw prevented, with however ui 
and skill the operaUoDS may be conducted. Hard and soft strata intermingled, highly i 
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rocks, running sands, and fissnres and dislocations are fruitful sources of annoyance and delay, and 
Eometimes of complete failure ; and it will therefore be interoBtingf to notice a few of the ordinary 
difficulties arising' out of these circumstances. In all the boro-holes yet executed by was systemt 
the various special instruments used under any circumstances of accident or complicated strata are 
fully shown in Figs. 2406 to 2412. 

The boring-head while at work may suddenly be jammed fust, either by breaking into a nwnre, 
or in consequence of broken rock falling upon it from loose strata al>ove. All tlie strain possible is 

2410. 
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then put upon the rope, either by the percussion cylinder or by the winding engine; and if the 
rope is an old one or rotten it breaks, leaving perhaps a long length in the hole. The claw grapnel. 
Fig. 2406, is then attacheii to the rop<> ri^maining on the winding drum, and is lowert^d until it rests 
upon the slack broken rope in the lv>ro-hole. The grapnel is made with three claws A A centred 
in a cylindrical block B, which slides vertically within the casing C, the tail ends of the claws 
fitting into inclined slots D in the casing. During the lowering of the grapnel, the claws are^ kept 
open in consequence of the trigger K brdng held up in the iiosition shown in Fig. 2406, by the long 
link F, which suspends the grapnel from tno V»p ropit. But as soon as the gmfinel rtsits utKin tho 
broken rope below, the suspending link F continuing to descend alh>ws the trigger K to fall out of 
it ; and then in hauling up again, the grapnel is ^mly by the bow G of the interna! block B, and 
the entire weight of the external casing C bears upon the inrdira‘<] lail-emls of the claws A, caustug 
them to clone in tight upon the broken rope and lay hold of it acenndy. The claws are made either 
hooked at the extremity or serrated. The grapnel is then liaiih d up sufficiently U) pull the broken 
rope tight, and wrought-iron rods 1 inch stjuare with boc^ks atta<*hed at tlie bottom are let down to 
catch the Ijow of the boringdiead, which is readily accomplished. Two powerful screw-jacks are 
applied to the ro<ls at the surface, by means of the step-ladder shown in Fig. 240$h in which the 
oross-piii H is inserted at any |»air of the s/i as to suit the height of tho screw-jac’ks. 

If the br>ring-bead does not yield ouioklv to tlmse efiorts, the att 4 mipt to w.*eover it Is 
ahttudoned, and it is got out of the way ny being broken up into pieces. F«»r this purpose the 
bAken roiie in the bore-hole has first to be remover], and it Is therefore caught h*dd of with a 
sharp hook and pulled tight in the hole, white the cutting grapnel, shown in Fig. 2407, is slipped 




WELL SINKING AND BORING. 


1153 


over it and lowei^ by the rods to tlie bottom. This tool is mode with a pair of sharp cuttiiiff 
mwB or knives I I opening upwards, which in lowering pass down freely over the rope ; but when 
the rods are pulled up with oonsidcrable force, the jaws nipping the rope between them cut it 
thr<mgb, and it is thus removed altogether from the lioro hole. Ihe solid wrought-iron breakings 
up bar, Fig. 2410, which weighs about a ton, is then lowered, and by means of the percussion 
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cylinder it is made to pour.d away at the boring-head, until the laltiT is either driven out of the 
way into one side of the bore-hole, or broken up into sueh fragments as that, partly by tlie shell- 
piimp and partly by the grapnels, the whole obstacle is romovetl. The boring is then proceeded 
the same as btjfore the ucv*ident. 

... sanie mishap may t»ocur with tlie shell-pump getting j*ammed fast in the bore-hole, as 
JNJustmted in Fig, 2410; aud the saiin^ m^ ans of removing the obstacle are then aiiopted. 

“***^^^^ cf putting any greater strain utk)!! the rope tlian the percussion 

cy Under can exert ; and it is therefore usual to lower the grapnel rods at once, if the boring-head 

the risk of bn^aking the rope. 

I / breaking of a cuttfr in the boring-head is not an uncommon occurrence. If, however, the 
small screw grapnel. Fig. 2408, be employed for its recovery, the hole ia^ 
without any important delay. The screw grapnel. Fig. 2408, is applied by meani/ 
rods, so tbut by turning the rods the screw works itself round the cutter or 
or similar article in the bore-hole, and securely holds it while the rods are drawn up again to 

4 m 
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tlie surface. Tlie bucket grapnel, Fig. 2412, is also employed for raising eluy, as well ns for the 
purpose of bringing up cores out of the bore-hole, where tliese are not raisea by the boritig-b(*ad 
itself in the manner already described. The action of this grapnel is nearly similar to Hint of the 
claw grapnel. Fig. 2406; the three jaws, A A, hinged to tlu* bottom of the cylindrical casing 
C, and attached by connecting rods to the internal block B, sliding within the casing O, 
are kept open during the lovyeriug of the tool, tht* trigger E being held up in the position. 
Fig. 2412, by the long suspending link F. On reaching the bottom, the trigger is liberated by the 
further descent of the link F, which, in hauling up again, lifts only the bow (» of the internal block 
B ; bO that the jaws A are made to close inwards ujjou the core, which is thus gras|>e<l firmly 
between them and brought up within the grapnel. Where there is clay or similar material at the 
lx>ttom of the bon^hole, the weight of thelieavy block B in the grapnel caiibos the sharp edges of 
the pointe<l jaws to penetrate to ^mo depth into the muteriul, a quantity of which is thus enc]o.sed 
within them and brought up. 

Anotiier grapnel is also used where a l>ore-ho]e pas9<^s through a be<l of very stitf clay, as in 
Figs. 2414, 2415, and consists of a long cast-iron cylinder H fitt^ with a sheet-iron mouthpieeo 
K at the bottom, in W’hich are hinged three conical steel jaws J J opening upwards. The weiglit 



of the tof4 foic*‘S it down into the clay with the jaw» o|K'ri ; and thi n on raising it the jaws, 

^ tendency u> fall, cut int4» the clay and a quantity of it inside the mouthpiece, 

which on lading brought up to the surface is detache<l from the cyliniler H and cleaned out. A 

second mouthpiece is put on anil si'iit down for w'orking in the ls>re-hole while the first is Iniing 

emptieil, the aitacdiment of the mouthpiece to the cylinder l>eing tuaiie by a ooinmon bayonet-joint 
ijf so as to admit of reiidily connecting and dtsconm^ing it. 

■ r niuning sand in soft clay is, however, the most serious difficulty met with in well boring. 
Ijnder such circumstances th€^ bore-hole has to 1^ tnhed from fop to ^>ttom, which greatly 
inc^^es f Xfiense of the undertaking, not ordy l>y the cost of the tubes, but also by Uie time 
and laljoiir exfiended in inserting them. 1¥hen a pennanent water supply is the main object of the 
the additional exm^nse of tubing the )jon>lii»le is not of ttitieo romtequeiice, as the tubed 
hole is more durable, and fhe surface water is thereby excluded ; but in exploring for mineral It is 
a serious mutter, as the final resnit of the l^r»'*hole is tlien by no means certain. The mode of 
inrertifig luU*s has Ik.-couio a question of great im^iortance in eonneetton with this system of boring, 
and much time and thought having bofiii spent in perfecting the meiliod now adopted, its value has 
l>rr>ved by the repeated sueceas with which it has bi^n carried onU 
riie tulics used by Matber and liatt are of cast iron, varying in thiekneas from I to 1 In. 
ticoimliiig to their diameter, and are ail 9 ft, in length. The successive leitj^bs a«» 
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together by moanB of wroiight-iron covering hoops 9 in. long, made of the same outside diameter as 
the tuhc^, so as to bo flusli with it. These lioops ure from t to ^ in. thick, and the ends of each 
tube are reduced in diameter by turning down for 4^ in. from the end, to fit inside the hoops, 
Fig. 2417. A hoop is slirunk fast on one end of each tube, leaving 4J in. of socket projecting to 
reoeivo the end of the next tube to be connected. Four or six rows of screws with countersunk 
heads, placed at equal distances round the hoop, are screwed through into the tubes to couple the 

2417. 2418. 



tw4» h iigths securely togtlher. Thus a 
Hunh joint is fditaiiied Iwith insi4le and 
outside tht< tubes. The lowest tuU* is 
providcil nt the bottom with a sttol 
shcH-, having a sharp edge for jieue- 
trating the ground more readily. 

In sniall l)orings, fnmi li to 12 in. 
diameter, the tula's are inserted into 
t*ie bore-hole hy meaus of screw-jacks, 
by the hiinple and inexpensive iiietluKl 
shown in Figs 2418, 2419. The l>oring 
machine fonnilation A A, which is of 
tiiid>er, is weighte*! at 11 B hy stones, 
pig iron, or any available mat<'nal ; and 
two screw-jacks C G, eaeh of alntut 10 
U»U8 {K>wer, are secunnl with the screws 
downwards, underneath the Ix'tiins DD 
crossing the shallow well K, which is 



always excuvated at the i<»p of the 

bore-hole. A tube F having lH*en lowcrtnl into the mmith of the bore-hole by the winding engine, 
a pair of deep clamps G arc scn*wed tightly round it. and the screw-jacks acting ujxin these 
clamps force the tube down into the ground. The l>oring is then resunuHl, and as it proceeds 
the jacks are occasiouully worked, so as force the tula* if p«M»^ible even ahead of the Imring tool. 
The clamps are then slackened and shined up the tulios, to suit the length of the screws of the 
jacks ; two men work the jacks, and couple the h ngths of tubes as they are successively added. 
The actual boring is cnurrieA on simultaneously witbin the lubes, and is not in the least impelled by 
their insertiou, nHiioh simply invedves the lalMur of an additional man or two. 

A more perfect and powerful tiilte- forcing apparatus is adopted where tubes of from 18 to 24 in. 
diameter have to be inserted to a great depth. 
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watery vaprmr in, 724. 
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ore, red, 794. 
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vaeoom, on. 

WbestMoiM'a automatic, 556. 
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( Arch braced, 258. 

— — . bridges, cast-iron, 230. 

at York, cast-iron. 231. 

ribs, strains, 227. 

Arcberau’s lamp, 567. 

I Arches, 299. 

j brick, 219, 224. 

cast-iron. 227. 
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— — worm, 1139. 
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re|>eater, Vianwl’s, 631. 

self-flustalning crane, 822. 

vacuum brake, 174. 

A V*- ling and Gr»'lg’s shoe. 959 
Aveling and f^)rter'a engln*-. 966. 

farm locomotive, 971. 

Aveling's roid n-lh-r, 969. 

Axle boxes. 9s5, 1023. 
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Dix'<n’s railway car, 90. 

Axh'S and axl** Nixes. 96. 
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Miltimore's railway car, 90. 

guards. O-tS. 102-3. 

wheels and, 1022, 

, AzimutliAl condensing prisms, .941. 

: l^ACKCASING, 385. 394. 

, Bailey's pyrometer. 955, 

Bain’s fin--alinn, 5s9 
Haird'a coal-cutt**r. 390. 

Baker's blower. 616 
B-jtlance or box rbak. 455. 

ploughs, 27. 

Baldwin’s lift, 626. 

Ballast iwiiges, 474. 

Band links, 126. 

Bargtw, Ullast. 474. 
lUrge canals, 292, 

Bar iron analysis. Ml). 

' — — — — analysis of Marr<»n, 810. 

j SwedUb. »74. 

{ Barker’s coal-i^uttiY, W'lnsianley and, .368. 
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• Itarlow’s rock drill, 972. 

Barn machinery. 95 
Harrell '• horse gear. 10,3 
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— — Mamm iron, 809. 
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Hofdc lltiingK, 1110. 

slog, 1109. 

Battery, Hym/s oompoond-pUlt, 620. 
Battery, Motor, 621. 


Battery, Poggendorff, 621. 

! Beacons, lighN, buoys, and, 830. 

Bt-ams, continuous, H91. 

Beam, transverse vibrations for a bomogeneo 
897. 

I Bearing springs, 985. 

B**arings, rails on continuous, 1131. 

Ited, moulding lathe, 642. 

; plat* s, 63d. 

; Belleville boiler. IS-S. 

i Bellington and 1 by shire’s wheel-mould 
machine, 660. 

Bell moulding, 671. 

, Bell's c<i.tl washer, (Ireen and. 361. 

ti-lepbone, 582 

B- Its, arrangement of, 114. 

— and U-Uing. 104-129. 

B It for cooling shaft Jounials, 126. 

driving jsiwer of. 1 16. 

dynamometer, 500. 

— — Mlge laid, 126 
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ho-k. Uiainplon. 10«. 
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B iting, bis>k.s, 129. 

cotu*n, ri9. 

ffoyfs angular. 127. 
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mper, 129 

I’mlerwisslV wigular, 127. 

varietiis, l^O 

inarblne!>. ls2. 

B* lls. I’atker's, 121. 

preservation and rare of, 107. 

quarUr-mm, 122. 

nmnd, 126. 

ruWier. 128. 

running of, no. 

Shinn’s pulley f**r, 127. 

single aixl double, 119. 

stc*d, 129. 

studs, Blake’s, IU9. 

wide, 119. 

B*‘ns4>n boiler, 156. 
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, - — operation, stw-l, 11 os. 
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sirength of, h7I. 
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Bind:ng Joists. 297. 
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Birkenheail cofferdoin, 308. 

BlsihofT gas engine, 699. 
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Black diamonds for atone cutting, 1116. 
BUckfrUrs Bridge. 241. 

; Black grey Iron, 317. 

Blair’* proceiw, 819. 

I Blake’s belt «tud«, 109. 

— — cTuaber, 915. 

I Blake pump. 94.3. 

I Blast lomocea, 792. 

I funnooe. 619. 

f , waggon drop, Wrightson’s, H04. 

i BhIsUng. 129, 392- 
; — hooka on, 147. 

I compact rocka, 142- 

! ht ofMm ciittingt, 141. 

t rock, 141. 

I strattAcd rmks, 144. 

I tabie on, 146. 

1 tihila. 130. 
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Hlooks, cnocktng, 99. 

Block, Ntad, 1141. 

Blower, Beker’ii. 610. 

■ ex|»erlincntK, 6lH. 

lioote, 616. 

Boats, canal, 290. 

Bodies, texture of, 806. 

Bogie carriage, Fairllc’s, »9ii. 

Bo^fs, trucks or, iui2. 

Boilers, 147. 

Boiler, Allpn, 167. 

— — Belleville, 156. 

Benson, 166. 

books on, 170. 

Cornish, 147. 

Fa ’•bairn, 162. 

Firrninich’s, 157. 

— — Galloway, 149. 

— — Hancock’s tul)e*, 152. 

Harrison, 166. 

Head's sust)end(*(l, 168. 

Howard, 157. 

James', 154. 

Jordan, 160. 

Lancashire, 147. 

Miller 'a, 160. 

Perkins', I64. 

at Phlladidpliia. 169. 

plate, comiK>Rition ol Shropshire, ^75. 

dates, welding steel, 874. 
toots', 15M. 

siso of, 162. 

sl'*e of, 149. 

stationary, 167. 

stays, niaehine for fixing, stii. 

steam. 147, 

Uwta, 165. 

Bond's earth cU»sei, 1090. 

Books ufwn agricultural imphuiuMils aj. 

on co.il mining, 416. 

lielilng. 129. 

blitoting, 147. 

boiU'rs, 170. 

brl(Jg<*s, 266. 

drairu^e, 467. 

— — elr^ctrical engineering. 591, 

giw, 687, 

heat, 7,17. 

— sanlury enginef'diig, 1090. 

Bordeaux cylinders, 2U7. 

Bt»r*-holea, quantity of explosive fill mg, 610 
litjrliig apiiarutus, 1142. 

Mather and Platt's, 1116. 

difp, 1 142. 

head. 1147, 1152. 

machine, l Us. 

— ' machines, drilling and, 854 . 

Hind’s, 856. 

plant, 982. 

TOvla, 1140. 

sheer frame, 1 143. 

—— tools, 122, 1 129, 

well Sluicing an«t, ll.'M. 

BorUsi»’s concave huddle, 909. 

or<“dreifcsing machine, on. 

Bonihardt's frictional expUslcr, i;i6. 
Ikuillguirie's electric lamp, 677. 

Bower’s retort, 673. 

Bowstring girder flange strnin.H, 256. 

strains, 264. 

Ofl 0f ^vrb of, 256. 

Box dock, balance or, 455. 

Boxes, axle, 9H5, 1022. 

- — axles and axl»% h 6. 

Partridge’s axles and axle, 89. 

x’alves, 178. 

BiiydelPH engine, 964. 

wlieel, 95.8. 

Boyd's expi'H menu, 162. 
iiraoi.<d arcli, 25ft. 

; strains, 26H, 

Bracing bridges. 222. 

Bracket, Uichards and Atkinson’s, 1 102. 
Brake, 170. 

•~— Aebard's sioetrlc, ISO. 

AspinalPs automatic vacuum. I HU. 

automatic vacuum, 174. 

ch«ln, 171. 

— compmssed air, 17a 
Brakes, continuous, 172, 

— — cylinder, 179. 

dyuaniometer, loirgy’s 602. 

friction, 60ft. 

~ or dynamometers, Mellon, 502. 

— - nydrauhe, 172. 

power, 170. 


Brakes, vacuum, 171. 

Westinghouse air-, 177. 

Bram well's dock, 456. 

floating lift, 465. 

Brass-founders* air-furnuces, 668. 

Brass founding, 666. 

work modelling, 666. 

Bratticing, 381. 

I Bruy’s wheel, 958. 

I Breaker, Kidder's eiial, 404. 

Hurd and Siuipson'.s ojal, 404. 

Breasts, tuyere, 795. 

! water, 803. 

i Breguet’s machine, 475. 

j magneto-electric uuichitie, 1 27. 

i Ulephone, GH5. 

Bremme’s wheel, 961. 

; Bricks, IftB, 

Brick arches, 219, 224. 

bridges, stone and, 212. 

burning, 192. 

In chimneys, 2.57. 

compression, I’ortland cement, 242. 

drying, 192. 

earths, 189. 

i kilns, 194 

maebines, double cylioili'r, 1 '* 2 . 

' — — machine, Ihtraiid and .VI.^ral^’, Ih2. 

— — Liddell's doiilde, 1h‘2, 

semi-dry, 1-5. 

Brick making machin»*K, isl. 

material, 1 86. 

— mmiUling, 192. 

press, I H7. 

pres-'lng machine, .Siubb-’, ih:i. 

— — - sewer, 1071. 

fwwers, 1066. 

shaping niacUine, HT, 

slag, ls7. 

svhdng, 1127. 

‘ varotiesof, 191. 

Wel.*»h diiias. 252. 

, Brickwork blrK-k**, 212. 

cem III, 25.2. 

— chimneys, .I5‘2. 

Bridge, 195. 

AdeUk.llds, 26 {. 

Albert, 21 H. 2-22. 

Alexandra 201. 

Bridges, American timls'T, 2i6. 

Blackfrisrs, 241. 

Utoks 266. 

bracing, 232, 

In Buenos Ayres, 216. 

ta.Hi irr^marcbtHl, 220 . 

<’hel.>ea, 2*21. 

OobieiiU. *260 

duplex, Steam’s, 525. 

Lost Hiver, 210 

Lsk. 'rasmioii.», 260. 

bsiiway. '223. 

— foundations, 196. 

<iangee, 244. 

Iflasgow, 201. 

Goral, 205. 

Gnisveiiur, 212. 

Iron, 227. 

Kansas City, 201. 

Kehl, 207. 

l,amb(>th, 221. 

at la Place de L’KunqH', 219. 

lamdal, 220. 

materials, 195, i:!,*!. 

Victoria. 241. 

Mfslway, 2'20. 

New Kvsa. 215. 

Norwegian llaf'way, 20 1 

— plan of, 195. 

rails, 407. 

; railway, 223. 

lUvt. 201. 

roadway, 220. 

Trent, 227. 

Saint Louis, 263. 

: — Severn, 230. 

steel, 361. 

, stone and brick, 212. 

) htralns, railway, 249. 

i Sullej, 201. 

! timbi’r, 234. 

' Trent, 235. 

’ unit strain In tiiulx’r, 227. 

Vernon, 190. 

Vbtoria, 240. 

: wrought -iron, 240 

at Yoik, caet-irou anh, 'd3l. 


{ Bridging joists, 29ft. 

Bridle plough, 18. 

British AjBsociatlon unit, 550. 

Briquette stoves, Hardy'.s, ays 
Broadbeni's safety cage, 271. 

, Broken ropes, 270. 
i Bronze tuyere, phosphor, 8t.O. 

I work, 670. 

Brooklyn Wer, 2 10. 

! BrotherhrxKl’s engine, 595. 
j Brown’s caloric engine, 697. 

i drilling machine, Gr> gson and, 854. 

‘ Brownery (Jolliery, coke ovens, 416. 
Brown's nydraulk- macliine, 742. 

I relay, Allen and, 555. 

Brunton's caLcin«‘r, 911. 

I Brunton and Trier's ston-Jrcssiiig n 
! 1128. 

Brush dynamo-electric machine, 475. 

lamps, 569. 

Bryham's disamnecting h<Jok, 27 4. 

Bucket grapnel, 1153. 

Buckling tests, 166. 

Buddie, Borlase’s concave, 909. 

coiive.x or c ntre-hfod, 9()s, 

Martin's, 908. 

prop<dler knife, 909. 

Buddllng, 910. 

Biif'iios Ayres, bridg s 216, 

Huffing and draw—prings, ys.'i. 

Bull, claying iron or, 122. 

Bull’s dredger, 470. 

Buoys, and beacon--, lights, S20. 

Builcigh corapreiovjr, the, 6J. 

rock drill, 974, 

Bum**r, Sawy. r-.Man, 577. 

Binning itrick, 192. 

Burnt lime, 220. 

Burrell’s fami locomotive, 971. 

Bushes, casting, 625. 

Bustamante furtiao'S, 900. 

Buie I)t>cks, hydraulic machines at, 747. 
Buiu-rfield s atniusplieric hammer, 702. 
Byrne's conii)ouud-plate l>attery, 520. 

C ABI..T/ dimen^loIls, 543. 

strains, 543. 

Cables, submarine, eonstnictlun, 527. 

submeision, 542 

Cages, 266. 

Cage, Broadbent’s safety, 271. 

Callow ■» safety, 271. 

— fienton ami Whittaker's Nib ty, 27: 

elevator, 829, 

form of, 266. 

King’s sattty, 271. 

Owen’s Nif ty, 270 

Cages, safety. 269. 

Cage, slngle-decktHl. wrtnight-in»ii, 267. 

White aud C rant's raft ty, 272. 

Whitelaw’s safety, 272 

Caisaons, 198. 

floating, 199. 

Calciner, Hninion's. 911. 

— — Oxland’s and Hockmg’s, 911. 
CaUiumg kdn, Starback's, .*87. 
i'.dlculus, 278. 

Calow’s disauimvtlng hook, 273. 

— — .safety cage, 27 1 . 

Caloric engines, 827. 

engine, Brown's, 597. 

Canals, 29u. 

liarge, 292. 

Canal IxkiIs, ’290. 

dimensions, 291. 

gauges, 294. 

trrand .Surrey, 257. 

lateral, 290. 

leakagi-^. 291. 

I — - level, 290. 

Canaiiml river, 290. 

Candle, JablochkolTs electric, 576, 

i lamp, RaplefTs, 577. 

' — p Wilde’s, 577. 

Cape (Jrisnex lantern, 839. 

1,01 Hcve lighthouse, 838. 

Carbon engine, riiomsou, Sicme, It Co.’i 
Carbonixation, 673. 

Carbon, King's, 577. 

and silicon in inm, 318. 

transmitter, r.disi>n‘s, 

Cards, length of Ui iicator, 775. 
tUrt' Ilf lielta, preservation an.t, 107. 
Careening, 434. a 

Oar, interior of PuiluMti, 10 iff 
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Oar, Knott^s refrigerator, 1018. 

Cars, Pullman, 1008. 

refrigerator, lOlY. 

Carre’s lamp, 669. 

Carriage, composite, 988. 

saloon and sleeping, 1005. 

Continental composite, 1008. 

Falrtie’s bogle, 090. 

—— bunting, 996. 

Carriages, lighting railway. 1058. 

— — Mann’s sleeping, 1000. 

Regray’s third-class, 991. 

— . saloon and sleeping, 996, 1003. 

— — second class, 987. 

sleeping, 998, 1001, 1004. 

— — - spring, 1023. 

— — • or truck, plongh. 18. 

— — two-storied, 993. 

Carpentry, 395. 

Carriers, 934. 

— — dimensions, 939. 

Carsatelli’s pyrometer, 954. 

Car, Schramms gadding, 98U. 

> steam tramway, 964. 

Cars, tramway, 963. 

Case hardening, 327. 

Casings, asplialte, 639. 

Oasson-Dormoy furnace, 811. 

Castings. 320. 

Casting bushes, 635. 

chm,321,652. 

•——chilled, 324. 

— — rolls, 323. 

— contraction of metals In, 629. 

—— gates for, 636. 

■ group, 1112. 

— — gun, (546. 

— — iron on metiLs. 329. 

omamental. 329. 

— — piath'nis 628. 

— weights of. 628. 

— — wheels, contraction in, 629. 

Ca.st iron, 313. 

— arches, 227. 

arched uridges. 230. 

arched bridge at York, 234. 

— — — composition, 314. 

crystalline, 314. 

chlllf-d, 1128. 

— — — girdt-rs, weight and load of. 239. 

flange d giniers. 238. 

— — gT.inular, 314, 

— — — — m.illeable, 327. 

— meltings, 3i:i, 

— — — piles, IMxon’s, 921. 

railw'ay whe<-Ls. chilled, 325. 
quiUity, 315. 

— — sleeixTS, 1 133. 

while, 313, 

— — window frames, wrought and, 329. 

steel. 664. 

Catch nit golly, 1078. 

CattH^rs washer, 6 ■'2. 

Cawh'y's iudicatfr motion, 776. 

Ceiling joists. 298. 

Cellulose, 6(/9. 

Cement, :i31. 

— — analyses, 347. 

— — and (srmcTete, strength, 340, 

— > bricks conipresiHDui, Cortland, 342. 

— — brUkwork, 353. 

concrete, Umr-s and mortar, 330. 

- hydraulic, 3 j7. 

— — Kef-n^ \ 341, 

Medina, .341. 

Parian. .341. 

quality. Portland, 335. 

U*sts, 316. 

— — w.der p>fs*s, 338. 

C -rnentat on 4,32. 

Osnire-bead huddle, convex or, 908, 

Centre, Per* .net’s, 301. 

Telford’s. 300. 

— — Wateriwj bridge, 301- 
— — weights. 290. 

Cenl'ing CockH. 299. 

Chain brake, 171. 

Cbaira, rails on, 1130. 

Cba'k, IM9. 

Ciiamltera, air, 4.50. 

• flushing. 1072. 

Ouunber, niiinhole, flushing, 107.1, 

Cbanipli/n belt hook. 108. 

Cliampion's maebiiu , 192. 

Chararter *4 fom^ion, mineral, 762. 

uiatlnctive, •*39. 


Charcoal machine, Gordon’s animal, 71. 

— — Goodwin’s, 76. 

— machinery, animal, 68. 

Charger, Beat and Hohlen’s retort, 678. 

West’s retort, 671. 

Charging, cujiola, 625. 

pipe, 179. 

Charlton’s shaft coupling, 1100. 

Chelsea bridge, 221. 

Chemical composition of corrosive testa, 876. 

of test pieces, 876. 

Cliill casting. 321, 652. 

Chilled castings, 324. 

cast-iron cutters, 1128. 

railway wdieels, 326. 

moulds, 321, 324. 

Cldlled rollers, 322. 

Chilla 325. 

Chimneys, bricks, 357. 

brickwork, 352. 

At IVu’s Works, 351. 

Xorthfleet, 356. 

proiKirtions, 352. 

I shafts 349. 

- shaft, (uinorete, 358. 

— ^ — straightening. 356, 

Towns<*iid. 355. 

- to steam boilers. 350. 

Chiwds. 1139. 

Chocking blocks, 99. 

Clamps, tulip, 1141, 

Clark’s lilt, 439. 

Clarke’s machine, 475. 

Claw coupling, 1098 
Clay, 189. 

' Clay crucibles, 32M. 

Claying iron or bull, 132. 

Clays, mottled, 76.3. 

I lor iiiouMing, 631. 

; ('layton’s moulding machine, 193. 

(’l*'aner, plough, 

Cle.tiuug and dressing castings, 672. 

tram rails, n i4 

Cleansing and wa>hing cool, 359. 

CleviHlon pier, 923. 

Cb'veland iron, h74. 

comptjsition of, 875. 

. (Tevl.s ploUih, IS. 

Clinker, .'Wl, 

Closet, ash. 1090, 

iV-nd’s earth, 1090. 

dry, 1 oh7. 

Coal bleaker. Bidder’s, 404. 

— — . Hurd and .Simpon’'*, 401. 

d* arising and w.i.Nhing, 35u, 

— — cutter, Ihnrtl’s, 390 

(i.inoway and MM’liersonV, 396, 

GiUult and 0>pU'y’s. 3si, 

Hurd and .^iiiiiidtm's, 392. 

— Jolin'M»n’!*, 395. 

— — LilwiiUui’s, 4i6. 

— — — — Iligg and .Meiklejohn’s, 399. 

Wiiistaiiley and Barker’s, .'iss. 

entting inarhirie, .Vlexamb'r’H, 4O0. 

getting apparatus, I^ingley and Acker’s, 

403. 

mining, .368. 

— Isioks. 416. 

Kind ^Tiaiidron system, 3 h7. 

le\eK 372. 

, waggon. 1021, 1028.. 

washer, Berard’s. 36.3. 

(freen aisl B#*H's, 361, 

— — .Marmul»'s, 367. 

Hriicre's, SO.*!. 

.Sh* pfierd’a, 361. 

— — washitig, 360, 

— op|urattb*, 360. 

— — machine, Morrison’s, 361, 

< oblent* bridge, 26 i. 

(.'■chrane’s pi|[ie moulding machine, 6.56. 

, C.»ckei centring, 299, 

(Vs k, pbaigli, 18, 

C«#*f!it lent or m<«lnhM of elasticity, KiS. 
OiffnilaiD, 197, 305. 

OifTerdams, 303. 306. 

(.offerdarn at Birkenhead, 308. 

iMdK’rtv’s, 306. 

! laws, 309. 

^’ollerl tuyere, 800. 

Coke, 416. 

ana lysis, 416. 

Intrham. 796. 

; ovens. .369, 

416. 

' AptioU’s, 419. 


Coke ovens, Browuery colliery, 416. 

Eaton’s, 420. 

Cuppde, 422. 

Galloway’s, 427. 

QJer’s, 417, 

Goblet’s, 421. 

Serang, 425. 

Cold rolled iron, shafting of, 1093. 

Colladun’s air compressor, 57. 

CoUleries, 373. 

CoUoin’s Jigger, 914. 

Column, Barlow rails, 921. 

Columns, Dowson’s wroiight-lron, 921. 

(Column, Wilson’s wrrought-lron, 921. 

Columns, wroughl-lron, 26il. 

Colour heat tests, 876. 

Cumbinution of different materials, 896. 

pan, 919. 

Combustion, lieat, air for, 735. 

product- of, 735. 

Compact rocks, bla.stliig, 142. 

Comparison gunpowder and steam pile driver 
' 932. 

Compensator, Wilson’s induction, 588. 
j Conj[x)slie carriage, 9S8. 

I Continental, lUOS, 

j sabK)!! and sb*eping carrioge, 1006. 

i (Tompositioii of BcjuH'iuer steel, 876. 

i cast-iron, 314. 

j of Clcvelaml iron, 875. 

i of corrosive t«‘>ts, chemical, 876. 

I of Marlln-Siemeiis steel, H75. 

: of rivot sterl, mT:*. 

! of Shropshire iNdler-jdate, 876. 

' of sul>CHrl)oni/.ed steel, 876. 

j — — Swedish iron, H75. 

: — — of b‘Si pleci's, cliemical, 876. 

I CoiniKMiml deioniMtlons, 893. 

‘ hammers, 690. 

i jrttk. Hatnson’\ m27. 

i plate Uiiiery, Hynie's, 620. 

' press, 762. 

Compreswetl air brake, 173, 

Compn ssion apparatus, 941. 

l‘oitland cement bncks, 342. 

— — onipling, 1099. 

strength of iiiAterial, 884. 

, Onnpn'S'orH, air, 62. 

Omipre.saor, ibe Buileigb, 63. 

<,:oUr»d.»n’x. .^7. 

h'Wiet’s air, 64. 

, Hrtiborn’H air. 62. 

S hr.inra aiT\ 66. 

.Suirge«tn’-. 60. 

Ctimau* btid'lle, B«.»rlajs(''s, 909. 

Ct>ncr»'U', 33** 

ibinmey Hbsft, 35S. 

fi«undaUHn.\ 3M. 

foundation, rad* on, iKif. 

lim*'* and mortar, cement, 330. 

, naids. 339. 

! for W'Weiil, 1068. 

I strengtii, cement and, 340. 

' ('oricuhsive bwL* of iron and shx l, 871. 
Condensers, 662, Cmi. 

Condensing {tower, distant sea tight, 846. 

iii’ar fW'A light, 847. 

! {irism, aximutlul, 841. 

I C^uidltlon of ouitTitp, iHOkilion and genera 
765. 

(’onduclU’itles of metals, 725, 726. 

( Vine r/>u{ding, S' Hit’s double, 1099. 

indleys, 1 13. 

('4>oKlomerat4‘ rocks, blasting, 146. 

Oairsdi’s stone mw, 1 1 19. 

' (ViiMtrucUon land line, 540. 

strength of materiais of, 870. 

I — submarine cabl*w, 637 , 

(!ontlneiiiaI eiimi»osite carriage, lOOH. 

( ontin lions U ams, h 9I. 
j iN-arings, rails on, 1101. 

‘ brakes, 172. 

Ointracllon of area at fracture, 883. 

in casting wb(*els, 629. 

of metals in < Mtitig, 639. 

ConverUT, 1199. 

Ileaai'tner, 4;K1. 

— lining, rejilaring, 1110. 

; (>>nverl»TS, refrocbiry ilningx, 1109, 

(Vin%'ex or <mtrt"*head huddle. 908. 

! Conveyames, Itarrows and, 193. 

: (jvxikh and ifunter’a atmw muoldlng macbim 
1134. 

' (Vmtera and aroesaorira, reiorlg, 74. 

: ( Vsitwer s alkie valve Indicator, 78J. 

' (’opiey’a coal ettfUir, GtUott, 391. 
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Goppie coke ovens, 422. 

Copper, 429. 

Copper ore. 914. 

OorU^re Lighthouse, 830. 

platfonn, 832. 

Cores and core prints, 648. 

Core, diameter, cables, 637. 

moulding, 640. 

CornlHh boilers, 147. 

Corrosive tests, chemical coratKMitlon of, »76. 
Corves, 376. 

Oist of steam ploughing, 971. 

Cotton belting, 129. 

gun, 60H. 

Cotton press, 76 1. 

Oounteii>rt8, 306. 

— abutments, wing>walls, and. 215. 
Countershaft, 1096. 

Coupling, Ciiarlton’s shaft, 1100. 

claw, 109H, 

cornpr«!>H^ion, 1099. 

Cresiton's p.'itent, 1100. 

fiange, 1098. 

Hlchards', UOI. 

and Ix>udon’s, 1101 . 

l»udon, and Kelly's, 1 100. 

Seller's double cone, 1099. 

Couftlings, abaft, 1096. 

Hhiifi, 1097. 

mWd half lap. 109H. 

Coventry's banger, .Smith and, 1104. 

(\iveretl goods w’aggon, 1029. 

CowperV writing telegraph, 565. 

Crampton's puddling furnace, HCl. 

Crane, nutoinatle scl^KUHlatuing, h22. 

( Vane’s bracket, 1 1U3. 

i:«sion and Anderson's steam, «2o. 

portable hydraulic, 749. 

> st4'am derrick, s20. 

'rhomss’, 822. 

travelling, H2U. 

travelling steam, 621 

patent coupling, 1100. 

Crltis, 312. 

Cross bra< Ing, 253. 

girder, Moment's, 463 

Cros^’ings, tramway fioints and, 1 134. 

('loan UdepiKUie, l*hel|is’, 5H5. 

Crow's ftsit, 1140. 

Oru« lbU*s, 664. 

Crucllde steel, stnmgth of, 871, 

Crusher, Blak<*'^ 915, 

Crystalline cast Iron, 314. 
f'ryslalllxatlon, 319. 

Crystals, formation of, 319. 

Cultivation, steam. 21. 

Cultivator, Creig's, 29. 

CurNihis, 619, nil. 

CufKila, charging, 625. 

fumare, 618, 

Heaton's, 621. 

Ireland's, 621. 

Krlgnr's. 620. 

Unlug, 622. 

Mackenzie. 620. 

portable, 621 . 

Irapdiwr, 624. 

Voisin's, 621, 

WisKlward’s, 621 . 

Curbs, 378. 

Curb iron, 1135. 

welling, 379. 

wedging, 379, 382. 

wiMKien drum, 1136. 

f’urrent meter. More's. 9U3. 

Cutters, chllb-d cast-iron, 1128. 

Cutter, ttalloway and Mcl’hetMiirH. .396* 

(iillott aiai (,'opley's a*al, 391. 

— — holder fi»r revolving, 1 127. 

JohniOfi's coal, 395. 

Lilkmthal's coal. 405. 

— ~ Klgg and Melkl^din's coal, .399. 

risii, 102. 

Sebram'a atone, 1129. 

iteid, 1129, 

turnip, 49. 

-- — Winsbintey and Barker's coal. 38s. 
^tltng, black diamonds for stone, } 1 16. 
Cutting and turning lathe, m rew. 849. 

— machine, Alexander's coal, 40o, 

— * Jlalrd’i coal, 393. 

Cuttings, blasting in open, 141. 

( -ycloscopt,, 14. 

<Jyjiud.’ra, Boideaux. 207. 

Cjliiidt r brake, 179. 

bnck m,u'hlncM, double, 1 82. 


CyllndcT foundationa, 206. 

Cylindrical foundstions, 200. 

> sewera, Fall for, 1066. 

> steam, 649, 946. 

DaM.S, double, 304. 

I>aiiieil's pyrometer, 964. 

Darbyshlre's wheel moulding-machine, Bclling- 
ton and, 660. 

Darke's detent, 779. 

Darlington rot'k drill, 976. 

Dart’s spring, 1141. 

Data for lel*^graph testing, miscellaneous, 548. 
Dunks's furnace, 813. 

Davis and Primrose's hammer, 692. 

Davy’s p iwer hammer, 7oo, 705. 

Dawnay's refrigerating waggon, Tallerman, 
Cruning, and, 1019. 

Deep-boring, 1143. 

Deformations, Cfimpound, 893. 

De Meriten's machine, 480. 

JVnton'sdisi'ngaging book, 274. 

Di'nton’s retorts, 80. 

rtentun and Whittaker’s safety cage, 272. 
iVpositing docks, 462. 

Deposit of mercury, 899, 

, Derrick crane, steam, 820. 

; DeHtru'tlon to tuyeres, 804. 
j Di^taching hook, Ramsey and Fisher’s, 277. 

: IVtaching hook. Walker's, 275. 
i Iietent, Darke's, 779. 

ivtoiiation, 607. 

! l^'tonators, 136. 

I Ikni’s works, cliimneys, 351. 

Deviated flexure, 89(). 

. Diagram of forces, 251. 

' Diameter of core, enables, 537. 

' I>ianiond.<4 for sUme-cuiting. black, 1116. 
ihckeiison’s floating do(‘k, Trevithick, 454. 
Iiifrereiitiat vuliameter, 956. 

DUTeientlatliig, 283. 

Different materials, rombinatl m of, b96. 

IHgging machine, Knight’s steam-power, 27. 
l)itnen’'t<>n.H. cable, 543. 

camtls, 291. 

carrier, pneumatic, 939. 

— — of tans, 615. 

; of pSles, 929. 

j ~ plstiinN 939. 

; tulies, 939. 

Dinas brick, WeLb, 353. 

. Diiigi y’s pulveriser, 913. 

Dinglev and Acker's o>al-g«'tt ing ap|>arutus, 103. 
Dlret I lifts, 437. 

; Disriiarge of egg-sbap-d sewers, 1065. 
i lUscharge of sewers, 1063. 

! IHsconni'cting luMik, 270. 

> liook, BryhanTs, 274. 

h«H)k, (alow's. 273. 

b'sik. King’s, 274. 

. hiA.k, M<iilll’h. 275. 

h<s*k. Dniiensi's, 273. 

; I MtH'iigagid lo at, 736, 

Itiscngaging lu^.k, l8-ntoii's, 274. 

, Dlsianf a a light, condensing jH*wer, 846. 

; Distinctive character ot lights. 839. 

; Iflsiributor. CramineV, 48H. 

; District draining, li>61. 

; Dioptric apixtratUH. Fresnel or, 842. 

! iH'ipirlc npiuratusHt the Seulh Foreland, 844. 

; IHxun's cnM-tron piles. 921. 

Ihxon's r.-illw ay-car axle, 90. 

I Kicks, 434. 

lK<k, BramwvU’s, 466. 

de|s»siling, 462, 

— excavated, 456. 
fliMiing, 4.(9. 

.. gates. 444. 458. 460. 

i iiirdt rs. 442. 

gtideiv, Hir»*MS*>, 444. 

: grsN tug dry, 435 

1 hydraulic nuu'hines at Bute, 747. 

; IllUng, 4 40. 

; — — - Hotherhitlie floating, 154. 

i St, Thomas, 457. 

j — weight of. 450. 

Docwra'.s mixer. 11.18. 
i Ikig, hatkl. 1140. 

UfUng, 1140. 

pl|>e, nil. 

iHiherty's coffer dam, 306. 

Dolly, piire, 1141. 

Domes, steam, 151. 
iKsir.Ctipida trap. 621. 
lH»rnio\ tuiiiair, ('a-^KOii. -n. 


Double belts, single and, 119. 

cone coupling. Seller’s, 1099. 

cylinder brick nuichiiieH, 182. 

— — - dioms, 304. 

lathe, 851. 

tool-holder, 862. 

Dowson’s wrougbt-iron columns, 921. 
Drainugt', 465 

iKKika, 467. 

mines, 466. 

Draining district, 1061. 

Drains, lateral, 465. 

Drain, main, 465. 

pipes, agricultural, 466. 

Drainage plough, 19. 

Draining, 380. 

Draught-testing instruments, 503. 
Draw-gear, 102 1. 

springy, buffing and, 985. 

Dredger, 203. 

Bull’s, 470. 

Fouracre’s, 471, 

at Kebl, 208. 

Pople’s, 473. 

Dredging, 468, 

plant, 468. 

Dressing castings, cleaning and, 672. 

- machine, Borla.se's ore, 911. 

j niacidne, Brunton and 1 rier's stone, 

I Drf'ssores, machines and procewios cuiplo 
! 906. 

Drilling, 803. 

nnd Uiring machines, 854. 

j machine, 4('3. 

j machiiu'. Ft rrls and Mib-s's, 855. 

j machine, Gregson, Brown and .Sons’, 

; Drill, B.irlow's rock, 972. 

1 Burleigh rt>ck, 974. 

1 Darlhigton ntek, 976. 

i Dulxus-Francois rock, 97.1. 

^ grinding inachints, t\\i.st, 863. 

' IngersoH rock, 976. 

' .lordaiTs rock, 971. 

i Kalnotonion riK-k, 973. 

j — — , McKay's, 857. 

j McKean nak, 975. 

|v»rlabl<*, s56. 

• rock, 1.(0. 

, — — - S.»cb‘s rock, 976. 

Schram's rock, 977. 

spoon, 31. 

Weaver's rock, 971. 

IViven, piles, 928. 

Iniver, pile, 927, 

Drlvi-rs, comparison gtiiitiowd'T and sb-a 
; 932. 

Sliaw’s gnnpitwder pil-, 929. 

i in m*fl ground, giin]Ho\d r pi e, 931. 

i steam pile, 927. 

Working id various, pile, 931. 

' Driving by lx-!ts, 12u. 

, isiwcr of b- lts, 116. 

lime, pile, 930. 

I W’heeb, 957. 

|lrop, Wnghtson's Mast furnace waggon, 
Drum, i*»*al mining, 3^6. 

curb, wooden, 1135. 

guards and fmUng g< ars, 97. 

Dry closet, los7. 

I Tying, brick, 192. 

— 1- floors. 333. 

nmclnne, Milburn’s, 1082. 

stoves for brass, 670. 

sand or gretm-saml moulding, 632. 

DuMds-Fraii^’ois l•ock■slrill, 973. 

I)uIm>sci|'s lamps. Touauill and, 569. 
Duplex. Steam’s brulge. 52.'». 

; — — transmission. Farmer’s, 522. 

! transmission. VianN, 529. 

Durability. in6. 

’ Durand and Marais' brick machme, 182, 
Ihirham coke, analysis, 795. 

Dynamical or living ^(^sl^tallce, S96. 
llynamilc, 608. 

DynauKv.eb*cirlc machines, 47r>. 

— electric machine. Brush. 475. 

eh'ctric machines, F.fficiemy. 495. 

electric machine, Siemens’, 484. 

Dynamiimett r, 499. 

-1— btdt, 500. 

expi'rinv nts. 501, 

I friction brake, 5o8. 

horae, 507. 

! horse- no W'cr rotary, 511 . 

ImmyV brake, 502. 

I Morin '287. # 
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Dynamometer plough, 512. 

rotary, 51‘i. 

— — haiKl, 500. 

— turbine, 613. 

fjARTH brick. ItsO. 

. - closet. Bond’s, 1000. 

Keltoii and Anderson’s steam crane, 820. 
Kast River Bridge, 210. 

Katon's coke ovens, 420. 

Edge laid b.dta, 126. 

Edinburgh tramways, 11.22. 

KUisun's carbon transmitter. 584 
—— electric lamp, 677. 

• machine, 486. 

— — qnadrupie telegraphy, 6.24. 

- niuultaiieous trausmlosion, 520. 

— — telephone, 584. 

Edwardr lamp. Staite and, 566. 
l«l-skln laces, 108. 

KfBcien( 7 , dynamo^lectrlc machines, 495. 
EggHsha)^ sewers, 1064. 

discharge of, 1085. 

Elasticity, coefficient or luwiutus, 878. 

— of steel, limit of. 879. 

Electrical en^neering, 52u. 

— books on, 591. 

iiuitruments, 551. 

testing, 544. 

units, 650. 

Electric brake. Achard, 1 80. 

candle, JabloibkofTs, 576. 

fire-alarms, 5Ha. 

lamps, 566. 

Boolignine’s, 577. 

Edison’s 577. 

Higgs’. 679. 

• Konn’s, 677. 

Rapiers, 577. 

Whde's, 577. 

— — machine, Breguet'a magiK-u*-, la;. 

— biush dynamo-, 47i>. 

— — machines, dynamo, 475. 

— efficiency, dynamo-, 495. 

— cx|)orinienls, 490. 

— — liolmeH’ magneto, 479. 

— - — — l^add’s, 4«0. 

maaneto, 475 

— SienH'm* dynamo-, 484. 

— — — magneto-, 137. 

Wilde's, 479. 

transmission of |»ovrer. 5''9. 

Electro- magnet, I'sO. 

— — mecbanka) transmissit^n, Smith’s 
Electrometer, 552. 

— — Thfimsou qnadrant, 552. 

Eh'Tator cage, 829. 

Elevators, Lifts, huicts and, n20. 

Elongation, sUtance and, s<^u. 

Emery grinders, 862. 

wheels, 863. 

~ Ranjiome’s, 861. 

Engine, Areliwg and Porter’s, 986. 

— — Bi»choff gjis, 599. 

— — Bf»ydeirs, 964. 

Brotherhood’s, 595. 

Engines, Oah.ric. 837. 

Engineering, tsxiks on clectruMi, 59 J, 

on sanitary, 1090. 

— ^ electrtcal, 620. 

— — sanitary, lu61. 

Engine, Fowler’s, 968. 

— ^ i>allabue, 592, 

— gas and heat, 597. 

Hock's petroleum, 602. 

— house, 368. 

hydrauik hauling, Tts. 

— - lidgeTw<jr.*d, 69X 

Massey, 592. 

— Myer’s, 592. 

OlU) gas, 600. 

Outridge, 693. 

— - i'assengr r, 962. 

— prewii and steam. «68. 

Hiders tad-air, 599, 

— - Taylor’s, 965. 

testing with steam, 767. 

1 homson’s, 966. 

i homson, ne, and fart* n, h '4 

Irlali* of ndary, 593, 691. 

varletica of, 692. 

« Wei.tV wix-ry Under, 596. 

Mfifl ^s. 


I, mechauUal, 70.9 


Erecting taigets, 1105. 

Escaping gases m Askaro furnace, 796. 
EAk Bridgi', I'asmania, 260. 

Eureka maebinn, 39. 

Excavated docks, 458. 

Excavator, ive’ei, 47o. 

Milroy's, 204. 

Expansion gases, 718. 

liquids, 718. 

solids, 718. 

- — of water, 717. 

Experiments, Blower’s, 618. 

Boyd’s, 162. 

dynamometer, 604. 

electric machines, 490. 

explosive, 606. 

- (framme machine, 497. 

i heat. 709. 

- Joule’s, 714. 

- indicator, 772, 774. 

Laybounie, 162. 

of springs. 770. 

i tra(^ion, 877. 

Exploder, Ikirnbardt’s frictional, 136. 

! Explosives, 6US. 

I Explosive experiments, 606. 

! filling tiore-holes, quantity of, 61 o 

[ — firing points of, 608. 

^ Kxteusiun, strength of material, 884. 


} Face, adit, 1073. 

I Facing lathe, 851. 

, factory W'sts, electrical, 541. 

; K.igersta ste<‘l liars, teats, s(i7 
Kan bairn Ixd'.er, 152. 

' Fatriie’s bogie carriage, 990. 

fall for cylindrical sewers, JOoO. 

, KHn-\413, 610. 

■ Fan, Aland'.s, 61.3. 

' dimension- of, 615. 

I (JuUml*?, 414. 

i Lloyd’s, 611. 

S«'hiele\ 611. 

.Slurtevani’s, 612, 

* Fare-conuten, i. 

Farmer’s duplex traasmis^ion, 522. 

, Fanner. Uimi», Wallaci*, 572. 

Farm locomotive, Aveting and Porter’s, 971 . 

Burrell’s, 971. 

Fastener, Lincolne b-lt, 109. 

Fastenings, belt ho<*k’( and, 108. 

Faults, testing for, 547. 

fault#, testing for. and line testing, .“ito. 

Fdwuett and Firth’s baroiuer, 69.(. 

Fwder, Heaii’.*' self, 98. 

Fmllng g»‘ars ainl drum guards. 97. 

Ferris ami Mih-s’ drilling inacbiiu-, 855. 

Field tUlH', 157, 

Filtration, Intemil ti'iit, 10 h6. 

1 tre-alarm, Bain’s. 5s'i, 

Leblanc’s, 5^8. 

Flre-aUrros. electric, fiss. 

Firing by electricity, 143. 

machtiw*s, 136, 

iHdnts of explosives, eo9. 

finniuub’sUdler, 157. 

Firth's ItamuiCT, Fawcett awl, 693 
fistier'sdtsching hook. Ilance y and, 277. 
Fitlings, slrafls and shaft, 1091. 
f ixe<I lights, 842. 

Fixing both r stays, machine for. s6i. 

Flange coupling, 1«9S. 

Fiangt'd girders, cu.M-lron, 238. 

Flanges, strains, 244. 

strains, bowstring girders, 2.’i6. 

stj esses on, 449. 

Udal slress<-a on, 454. 

flap, tidal, 1075. 
flexible sliaft, 1107. 

Flexure, 888. 

d'ViaUsl, 990. 

nqiture imminent hy, 892. 

sliding due to. 961. 

Floating calsaorf^ 199. 

dock. 439. 

kotlierhltbc, 451. 

hectiottai, 455. 

lift, BraruweU’s, 455. 

pier, 926. 

Hoot trig. 29.V 
Flof>rs, drying, 333. 

‘ imbef)*. 1072 
'r, manhole, 107 1 
gate, 107.1. 


Flushing sewers, 1077. 

Fog signal, 836. 

Foot, crow’s, 1140. 

Footway, bridge, 223. 

Forces, diagram of, 251. . 

Foreland, dioptric apparatus at the South 844. 

Lighthouse, South, 936. 

Forge hammer, Haase’s, 706. 

Formation of crystals, 319. 

mineral ch;iracter, 762. 

Form of cagt's, 266. 

Formula*, pneumatic transmissisn, 936 
Formulas, heat atomic, 735. 

Formula for sewers, 1066. 

Foucault and Dulioscti’s lamps, 669. 

Foucault’s lamp, 566. 

Foundations ut briilgcs, 196. 

Foundation, concrete, 354. 

cylinder, 205. 

— — cylindrical. 2i>0. 

of the Polney V’iadnct, 200. 

rails on concrete, 1131. 

at the Khone, 198, 

rubble mound, 198. 

tramway, 1 130. 

tubular, 206. 

FouiKilng, 618. 

j brass, 666. 

I <*f statues, 671. 

1 Fi»undry iron, 314. 

i ladles, 663. 

i pits, 66 1. 

j Hloves, 660. 

, F(>urttcn‘’s dredger, 471. 
i Fow ler’s air compressors, 64 . 

engine. 968. 

Frai tun*, contiaciion of area at, S82. 
i Frame, iKiring sheer, 1143. 

’ rranies, wrought aivl cast-iron, 329. 

French and uims, 5.50. 

; Fr.snel or diop ric apparatus, 842. 

; Fric'tioual e.xplod< r. Ilornhardt's, 136. 

j machines, i;i6, 

' Friction br.ike d> nainorneter, 5<M. 

' brakes or d.vnaniomt ters, 502, 

Frixchen transmission. 521. 

Fuel gas pr ducer, ■‘20. 

Kutnace, Askain, 795. 

blast, 619, 

Furnaces, bla-t, 792. 

bnissfounders’ air, 668. 

Itu#tamAnle, you. 

(’<iss<»n-l8nmoy, «ll. 

— — Cranqitoirs puddling, HI 3, 

n)|Hda, 61 H. 

D-iuks s, HI3 

escjiptng gases In Askam, 796. 

idriaii, 900. 

mouthpieces, 152, 

Perrwd, hu. 

' reverlsTitory, 626 . 

Hli..Bs, 353. 

sUg fn>m Askam, 796. 

>ipi* gelelsen, 799, 

, lulies, 150. 

' Waggon drop, Wrighlson's blast, sni. 

Fuse, Bickford, 146. 

safety. 133. 

Fuses, quantity, 134. 

tenaion. 134. 

Fusible iron. .321, 

Fasion of sutMlatic<'s, beats of, 7l7. 

! 

(jr AIU>ING car, Sc h ram's, 9 mo. 
i t JaifTe’s lamp. 569. 
t ialUline engine, 592. 

(lalloway Uiller, 149. 

, lialloway’s C4ike ovens, 427. 

Galloway and M( Pherson’s coal cutPi'r, 396. 

< lalvamimeter, *1 hotnaori, 551. 

; Gangva. tirldge, 244. 

; canal, 294. 

Garrett’s Uireihiitg machine, 97. 

Gas apparatus, Ptntsch's oil-, 1058. 

Gases In Askam furnace, mcapitigi 796, 
f Gas, btsiks on, 687. 

, df nsithw of. 732. 

i — engine, Bls^fTt 500. 

I 0lt4», 600. 

« ex|iansion, 7lH. 

— — and lioat rnginos, 507. 

' Imhkr, 684, 

— — mains, 679. 

maiittfrtciurr of, 672. 

prtiduoer, fuel, 82o. 
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Gm purifiers, 6H2. 

sewer, 1080. 

Gates fur castings. 636. 

dock, 444, 45^, 400. 

flushing, 1073. 

stop, 293. 

wooden, 460. 

wrought-iron, 461. 

Oauntlett's pyrotnetcr, 954. 

Gear, Barrettes iiorse-, 103. 

draw*, 1024. 

Gears and drum guards, ftMHllng, 97. 

Head’s, 308. 

— Head’s reversing, fll5, 817. 

Hitchcock’s traction, 121. 

— — hoi.'G, 103. 

— hydraulic reversing, 74.1. 

steering, 744. 

Sturgetm’s hammer valve, 699. 

winding, 927. 

Geilerat road ndlcr. 970. 

Gtneral condition of outcrop, position and, 765 
German mile unit. 650. 

steam hammer, 694. 

Gillott and (’opley’s coal cutter, 301. 

Girders, 231, 296. 

bowstring, strains, 254. 

cast'iron. flanged, 238. 

do<^k, 442. 

flange strains, bowstring, 256. I 

lattice, 252, 246. I 

moments <»f cross, 44.'l. 

open-w'el>, 243. 

— — plati*, 242. 

— — strains, 247. 

on bars of web of Isiwslrlng, 256. 

plat4\ 242 

— — stresses, ilcs’k, 44 4. 

— — with one wrii*s of IrUngli’s, 2 4 4. 

Wurrert, 244. 

Gironard’s lamp, 569. 

Gjer’s coke ovens, 417. 

GUtster's stiuie saw, 1121 
Glasgow bridge, 201. 

— tramways, 1132. 

Glossoii's bamnier, 705. 

Gobiet's coke oven.H, 421. 

Goods \taggoii<s 1U20. 

— waggon, coverwl, 1029. 

( 4oda in’s chart o d madiine, 76 
Gorai liridge, 205. 

tiordon's aiiiinal charcoal machine, 71. 

Gtiwer teleph'Uic, 58,'l. 

Graham Beli’s telephone, '*•'2. 

(•ramme’s dtstnhotor, 488, 

light'machtne, 4s2. 

Gnmime machine, 480, 48l. 

experiments, 497, 

tlranl'e, 220. 

Grant's safety cage, WhlU- and, 272. 

(tranular cast iron, 314. 
tirapnel bucket. 1 153. 

(•rate, sewer ventilating, 1072. 

Graving dry Ihiclcs, 435. 

Gray's T* irplume, 5 m2. 

(ir(*<'>n and Btdl'scoal washing machine, :16|. 

.sand moulding, dry saisl or, 6.»2. 

(•r^'gstm, Broun and Sin's dntting UMChirie, s:,i. 
Gr<‘lg's cultivator, 29. 

sluH*, ANeling and. 959. 

(Jrcy Iron, 313. 

(trltl, hydraulic, 46.5. 

(irinders, emery, s62, 

bail, M63. 

Gtlndtng machlite, twist drill, H6.1. 

(irip. King’s safety, 273. 

Grisrie* lanbTn, (^ipe, S39. 

Grvwivenor Bridge, 212. 

(•rouml augers, 1139. 

guiipi»wdcr pile driver In wifi, 931. 

Group casting, 11 12. 

Gritniug and Daw nay's refrig* rating waggon, 
Tailerman, 1019. 

Guards, axlo, 985, 1023. 

- — feeding gears anti drum, 97. 

Ouliwl's fan, 414. 

Guid'>s for cag> s, 267. 

Grinding pulley, Sbini k’s, 780. 

Gully cjitch pit, 1078. 

Gun*c>a»tlnga, 646. 

Gun cotton, 608. 

Guniiowder, 606. 

— - pile driver, Shaw's 929. 

In soft gmund, 931. 

- — and st^iaxn pile drivers, cumparl.sou, 9 VI. 
Ctultajvrcha wires, 538. 


HaCKNEY'S stopper, steel mould, 1113. 
Haematite iron, 793. 

pig iron, Askam, 796. 

red, 798. 

Half*Lap coupling, solid, 1097. 

Hall’s lathe, 847, 849. 

pulsometer, 949. 

Ilalske’s machine, Siemens' and, 478. 

Halske relay, Siemens’ and, 653. 

Hammers, 687. 

Hammer. Buiterfiold’s atmospheric, 703. 

compound, 690. 

Davis and Primrose, 692. 

— - Davy's power, 700, 705. 

—* — Fawcett and Firth’s, 693. 

Glossop’s, 705. 

German steam, 694. 

Hasse’s forge, 706. 

— Longworth s piieumailc, 701. 

power, 687. 

Schneider’s steam, 697. 

Shull 's atmot>pheric, 700. 

and shxlge, 131. 

Kigley, 691. 

Stacy's revolving, 707. 

steam, 6H9. 

at Woolwich Arsenal, 694. 

- valve gear, .Sturgeon's 699. 

Hancock's tube-boiler, 153. 

I Handles, tillers or, 1140. 

1 Haml-dog, 1140. 

I Hand dynamometer, rotary, 509. 

j moulding, 191. 

I Hang' rs for shaits, 1101. 

! Hunger, Smith and Oivenlry's, 110 4. 

i Vullrath’s, 1101. 

' Hannah's pbtun meter, 902. 

Hardening, CJtse-, 3'27. 

Hardy’s briquette sbtves, 998. 

Ilarrisisi boiler, 156. 

' Harrihon's compuund jack, 827. 

Harrous, 31. 

Bandall’s pulverizing, .34. 

' liiMse’s forge hammer, 706 
I ilartutig's p>'Tometer, Su lnle and, 955. 

Harv.-st 'rs, 34. 

I Ilarvi'ster, G8U*rn***s binder and, 43. 

, Ha luirn’s alr-comprcs*or, 62 
. Hauling engine, hydraulic, 748. 

Hayniak**r, .J^'frrey’a, 48. 

HaywanI, 'I'ylcr, and Co.'s hPum pump, 94 7. 
Hea<i. iKiring, 1147, 1152. 

gfar, 368. 

Headings, six** of, 1137. 

Head's reversing gear, 815, 817. 

I self-f«'eder, 9.8. 

susiiendeti Isdler, 168. 

Ilearaoii s stropbometor, 9. 

Heal, 708. 

air for corabu.8ti"n, 735. 

atomic formulas, 735, 

b-oks on, 737. 

, disengaged, 736. 

engiiM*s g.*!® aini, 697. 

exi>erimenis, 709. 

llmts ot fti.sion of sulistances, 717. 

Heatgiver. suh I, 1109. 

< Heating apparatus, ru.amra and Bothmullor' 
1(157. 

Heat, .foule’s rx|>erinM*nts, 714. 

mecltanical eqmvHlent of, 709. 

a nuKle i»f motion. 7 13. 

Heaton’s enjado, 621. 

Heal, phenoinemui, 7i^9. 

products of coinbuMioi), 735. 

fi»r masting ores, 7'^2. 

Heats, spctihe, 718. 720. 

Heat tc^ls, colour, 876. 

j of vaporization, latent. 729. 

’ Hedge’s lamp, 572. 

; Helical pump, Imrar's, 950. 

I Henderson’s steam retort, 676. 
i Hercules, steam, 821. 

! Higgs' electric lamp, 579. 
i Hinds' boring uukcliinc, 856. 

' HiU'hcw'k'a tractUui gear. 121. 

; Hockitig’s caicincr, Gxland’s ami. 911. 

’ IhKks' petroleum engine, 602. 

. Hodgeit's tuyere, 801. 

Hoists and elevators, lifts, 820. 

Holden’s retort charger, B»"«t ami, 678. 

clutrging machines, 679. 

Httivler, double tool, 862. 

gas, 684. 

planing tool*. 861 . 


Holder for revolving cutters, 1127. 

telescopic, 686. 

Holder’s tool, 860. 

Holes, lamp, 1071. 

— - for quarter turn belt, 125. 

Holing, machine, 388. 

and shearing, 387. 

Hollow moulding, 636. 

Holmes' magneto-electric machine, 479. 
Holophotal totally reflecting prisms, 840. 
Homogeneous beam, transverse vibralioi 
897. 

iron, 806. 

Hook, Brybom's disconnecting, 274. 

C^alow’s disconnecting, 273. 

Champion belt, 108. 

l>enton’^ disengaging, 274. 

disconnecting, 270. 

King’s disconnet ting, 274. 

M‘GiU’8 disconnecting, 275. 

Ormerod’s disconnecting, 273. 

Ramsey and Fisher’s detaching, 271 

Hooks and fastenings belt, 108. 

, safety, 273. 

Hook, spring, 1140. 

Hooks, wad-, 1 139. 

Hook, Walker's detac.bing, 275. 

UiMik's, Wilson's belt, 109. 

HtMip iron and steel, tests of, 807. 

I Hopkinson’s optical api>aratus, t 
j Horizontal press, 752. 

I Honi pan, 919. 
i Horse dynaototnetcr, 507. 

I gears, 103. 

; gejir, Barrett’s, 103. 

; biiC, Lake's. 46, 

i or rulger, 30, 

Horse-power, 737. 

■ iiulicabtl, 737. 

( nominal, 737. 

{ rotary dynaiiiomcU r, 5 1 1 . 

, II'Tse shoe rib, 229. 

' Hot air engine, Kider’h, 599. 

House, engine, 368. 

) Houst4.n’s lamp, Thomson, 573. 

Howtird boiler, 157. 

Howard’s moulding mwlilnc, 654. 
Hoyt's angular belting, 127. 

Hughes’ audiometer, 586. 

inicrtipiione, 585. 

sonometer, 586. 

tel-plione, ,5&6. 

1 tyiw prill UT, 559. 

’ Hunters stone machine, 1126. 

. moulding machim*, Cooke an 

I Hunting carriage, 996. 
j Hurd and Simpson's coal breaker, 404. 

' cutter, 392. 

’ Huslxuid's pneumatic stump, 907. 

' Hydraulics. 742. 

; Hydraulic brake>, 172. 

; cement, 337. 

i crane, portable, 749. 

I grid. 465. 

I hauling engine, 748. 

' lift, 441. 

machines, 747. 

machine. Brown’s, 742. 

a machines at Bute lK>cks, 747. 

iiiortar, 331. 

presses, 450, 751. 

prvKS. Wilsj 1 750. 

, reversing gear, 743. 

tiveUng mach i.e, 869. 

j Sb'CTing goal, 744. 

, tcKiIs, 866. 

, ccfdgc, Jones’, 404. 

, winch, 745. 

i llydrtkgL'ology, 757. 

; Implements. agricultural, le. 

, Books, 52. 

! Impurities, iron, 316. 

; Imray's brake dynamometer, 503 

helical pump, 950. 

Incandescent lamp, B>>ullguine'a, 577. 

' , l-Mison's 677. 

' Indian gham, 3t'0. 

Indlarubber wire, 639. 

. lire, 960. 

j Increasing yield of well, 1136, 

I Indlcate^t horse-power, 737. 

Indicators, 5, 767. 

1 Imlicator canls, length of. 77% 

Cooi>er’s slide valve, 79 f 
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Qdicator ^experiments, 772-4. 

— - Kenyon's pistonless, 781. 

— motion, Cswley's, 776. 

— Richards’, 778. 

— Sweet’s, 779. 

— Thomson’s, 777. 

— pocket revolution, 11. 
iductlon compensator, Wils<jn s, 58^. 
igersoU rock drill, 976. 

igots, weighing steel, lll.'l. 
istrnments, draught testing, 505. 

— electrical, 651. 
isnlation resisunce, 546. 
tsulator, 537. 
itegration, 283. 
itestlnes, belting of, 129. 
itensifying apparatus, pressure, 7 :i3. 
iterior or Jnillinan car, 1012. 
itermiUeiit filtration, 1086. 
eland’s cupola, 621. 

on, 782. 

— abutments, 215. 

— analysis tif bar, 811. 

— — — . of Marron bar, 810. 

— arches, cast, 227. 

— wrought, 240. 

— Askam htematite pig, 796. 


Jobson’s moulding machine. 655. 
Johnson's coal cutter, 395. 
Jointing pipes, 1067. 

Joints, permanent, 107. 

plj^., 1146. 

Joists, 296. 

binding, 297. 

ceiling, 298. 

Jones’ hydraulic wedge, 404. 
Jordan Iwilcr, 156. 

Jordan’s pulveriser, 916. 

roclc drill, 971. 

Joule’s exp«'riiuctits, heat, 714. 


IVaINOTOMON rock drill, 975. 

Kansas City brldjre, 301. 

Kearsley’s mowing machine, 36. 

1 Keene’s cement. 341. 

* Keeps or ke|xs, 268. 

Kehl bridge. 207. 

dre 'ger, 208. 

Kelly's coupling, Ricbartls, London, and, 11 00, 
Kennanl's H.ind pump, 203. 

K Ibbles :i77. 

! Kt ns. 334. 

' Kiln, brick, 194. 


— carbon and silicon in, 318. 

— cast, 313. 

— Cleveland, 874. 

— columns, I>ow8f*n’s wroupijt, 921. 

— column, Wilsim’s wrt.>U(;ht, 921. 

— ColiUDns, wrought, 250. 

— composition cast, 3 1 4 . 

of aeveland. 875. 

of rivet, 875. 

— — of Swedish, 875. 

of Yorkshtn*, 875. 

-curb, 1135. 

— cutb'TH, chilled ca**!-, 1128, 

— crystalline cast, 314. 

— foundry, 314. 

— fusible, 321. 

— gattw. wrought, 461. 

— granular cast, 314. 
grey. 313. 

— hsematite, 79.3. 

— homogeneous, .806. 

— impurities. 316. 

— makers of pig, 316. 

— manganiferous, 3; 7. 

— melting of cast, 315. 

— ore, 7»2. 

spathic, 798, 

-ores, aluminous, 791. 

— oxide of, 1.89. 

— pig. 317. 

— piles, IHxon’.* casU. 921. 

— pipes for sellers, 1067. 

— pure, 80’*. 

— pyrites, 189. 

— quality of cast, 315. 

— railings, wrrmghl, 323, 

— Scotch pig, 316. 

— sbeatitlug, 639, 

— shafting of old rr>ll«i, 1093. 

— sleepers, cast, 1133. 

— sponge, 81 H. 

— and cuncU8fU ve U f.tM of, -71. 

Diechariieal tents .1, 87 j, 

te«t8 o( iOM.jlM, i-»j7. 

“ strength of, m7o 

of Ijiticaxhir**. “H, 

of Yark**liire, 871. 

— Swedish Wr, 874. 

— tuMJng, 3-3, 

“ tube8, pneumAti* transuiifti>i<m, 9,Vl 
wrouehi. lUl, 114«. 

— white ca-t-, 313. 

— wire, 540, 
ption, water. 10*1. 
a excavator, 470. 


IBI/K'HKOFFS ehM lrr fat*dU>, 576. 
k, Harrikon’s compound, 827. 
uhi’a unit, 550. 
les' tadler, 154. 


, Indian. I,, 
r, ('oilom’h, I 


! — - lonninge. 787. 

f lUir’s 7-7 

; Westnuui's, 788. 

f Kiiitl-ciuuidrofi system, mining, 3S7. 

' Kinematic methol, ‘I'houison’H, 2-7. 

, King'- carU»n. 577. 

disconnecting hoijk, 274. 

i Siifety cage, 27 1. 

‘grip, 273. 

King-w(-Hl’H wa.-her, 361. 

Ki-fna viaduct, 20.'». 
i Knife huddle, prop*'ller, 909, 

Knight’.- -team-i^ower digging machine, 27. 
. Kmiti's refngeraft>r car. loH. 

Keiin’.*, electric lamp, 577. 

Kng.ir's cupola, 620. 


, 1 J AC.V-SS VQl’K and Thlen*’ lamp, 567, 
l>aces, eel skin, 108 

— and lacing, lO-*. 
f..tcing. laces and, 108. 

I.A<Mar'8 phonic »lie<d, 58o, 

Ia»dd’» el*-ctric machine, 4’*0. 

Ladles, Ktmndry. 66.3. 

lai Heve lighthou-e. t’ape, 838, 
fjike'd hor.-e h jiea, 46. 
iatinlieth bridge, 221. 
laimp, A!U'Jieck->Slemen*, 568 

Andr»<’s 574. 

Arcberan's, 567. 

lioulignine's electric, 577. 

launpe. Brush, 569. 
laimp, Carre’s, 569. 

— Liioion's eh-ctric, 577. 
electric, 566. 

Lamp, electric, liaruefTe, 577. 

i Foucault's. 666. 

tialffe's, 569. 

• tilr»uiard*s. 569. 

, Hf dg» 's, 572, 

! Higgs’, 579. 

I holes. 1971, 

— Konn'a, 577. 

; I.,4Cas<*agrM’ and Tbiem, 567. 

Le Midt's. 567. 

Ljnlin's, 572. 

H-ipbfTs, 571, 

— fU‘ynl*'r’s, 574. 

iSerrin’s. 569, 

— .Staib' arid K>tw*rfls', 566 
— • and IV' fie 's, 567. 

; — Tlmmwii and Honstiin’s, 57.J. 

— WalUce-Famv-r, 573. 

Werdirrifiann'a, 574. 

U'es'|nghoMs»'s, 1059. 

— \Vlld*'‘s caiidte. 577. 

, (.aincasbire Ixdlr-f*, |47, 

— iron, -tr^iigth of, *<7I. 
lamd iin*’ omst ruction, 540. 

, lifisnex, < 

— nerle^tal, 8:i4 
I’tai e rKuro|)»e Bridge, 219 

••e Sf age MS V(9|isri|£«v«rgMf 

*lrral ratuii-. 2rm, 


Lateral drains, 465. 

Lathes, 8 17. 

Lathe lied moulding, 042. 

double, 851. 

facing*, H51. 

Hall’s. 847, 849. 

Kichards and Atkinson’s, 860. 

Screw>cutting and turning, 849. 

Lattice girders. 246, 252. 

Law’s cofferdam, 300. 

I.aylK>urne’s experiments, 162. 

Lead lubi’S, pneumatic traiisniiiwlun, 933. 
L’skage caiiala, 291. 

Ijeathers, t)ac.king, 757. 

I.i’blanc’s fire-alarm, 688. 
ixMiiielie’s ventilator, 413. 

Is* Molt 'a lamp, 567. 

I ix*ngih, 115. 

of Indicator cards, 775. 

Ix'vel canals, 290. 

I L’vels coal mining, 372. 

! Liddell's doulde brick machine, 182. 

' Lidgerwood engine, 592. 

{ Lilt, ILIdwin’s, 826. 

i Clark’s, 439. 

* Lifts, direct, 437. 

' hoists and elevators. 820. 


Lift, Sioti\ 438. 

screw', 43H. 

Lights, biioy.s, and U^ucons, -30. 

(li.-tinciiie characters of, 839. 

fi-tisl. 842. 

, Lighthouse, C.i|>e la Ileve, 838. 

— Cotbii’D*. -30. 

platform, t'orliiere, 832. 

N'Uili Kon land, 8.36. 

Lightinu: railway carriages, ]U5’t. 

Ligbt, Lirard, 8.;7. 

iiitii bill'’, tiramrne's, 4«2. 

— moulding. 635. 

I.igliUitiig r<sis, 355. 

L‘ght, S«, liter roinl, 813. 

Luh nihaS’B coal cutur, 4U5. 

Lime, 1-9. 

Ltim-s. 330 
lame, burnt, 330. 

Limes and iiK>riar. cement, conenHe, 336. 
Ltne-«toii«-, analysis StaiiiUni. 791. 

1 unit id elostUity of steel, 879. 

Ltm ts of saf’dy, —6. 

Lniiolne Isrii fa-temT, 109. 

Line construction, land. 540. 

shaft. 1091, 

sliaftiiig pulleys for, 1095, 

U-sting, 547 

toting for faults, 5*6. 

Liuingit. liadc, 1110. 

coiiverbus, refractory, U09. 

Idning, cufsda, 622 

i reploi'iiig converter, 1110. 

t tnVi, 1110. 

‘ wells, timU’r for, 1137. 

: Link.-, iKind, 1*26. 

, Lion’s pyroui' ler, rrerm^hiiit aitd, 9 6. 

Liquids exfsmsion, 7 18. 

I 1 Jtit*;fra( teur, 6o9. 

1 LlUK«marge. 794. 

Lives»y's washer, 682, 
f Living resisuree, dynamical or, ago. 

Lijuird Light, h.(7. 

Llew* llyii’s wlufl for colliery iraius, 89. 
t IJoyd'n fan, 6) 1 . 
luyer*', 624. 

; lxia«J of rast-iruu girder, weight atid. 239. 

I is amt moulding, 634. 

I Isicomoitve, Aviditig and IVrler’a farm, 971. 

> — HurreU's farm, 971. 

rmd, 957. 

i Ixnuton’s rotipling, rUrharda and, 1101. 

* Loinbai ai«l Kelly’s rrei|dlltg, Ulcharda, 1 103. 

tramway, 1131 

Ismgworih's pnetinuiilc hantiner, 7til. 

' ixintln’s latiip, 572. 

I istirient Viadoet, 197. 

! Ltisa of meirtify, 900. 
i Louis Bridge. S.tinl. 263. 

; Luiirirator, 

MacHINK. AlieU'a tbr'whifig 96. 

I Al—IL a moulding, 

! Al' xatid* r'» »owl cuMiiig, 400. 
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Machine alliance, 478. 

—— Jklliiigton and Darbyshlre's wheel mould- 
ings, 660. 

boring, 1148. 

— - Borlose’s ore-dressing, Oil. 

— — BregUft’s, 476. 

magneto-electric, 137. 

brick-shaping, 187. 

— brick -making, 1 ki. 

— — - Brown’s hydraulic, 742. 

Brunton and Trier’s stone-dreBsing, 1128. 

- — Brush dynamo eict tric, 475. 

Sanders’ and Williams* moulding, 193. 

Machines at Bute fXicks, hydraulic, 747. 

and processes employed to dress ores, 9U6 

— — brlck-p: ‘ssiiig, 1H6. 

— Ohampiun’s brick, 102. 

Clarke’s, 475. 

Clayton's brick-moulding, 193. 

— — Cochrane’s pipe-moulding, 666. 

Cooke and Hunter's stone-mouldlng, 1 124. 

Bo Merltt'n’s, 4»6. 

— — doulde cylinder brick, 182. 

drilling, 403. 

drilling and boring, 854. 

- Durund and Morris’ brick, 182. 

- dynamo-electric, 475. 

- tMlsun's, 486. 

• Kfflcleney, dyiiaino-clectric, 495. 

Hureka, 39. 

— — exjierlments, eh'cirlc, 490. 

Cramnic, 497. 

Ferris and .Miles’ drilling, 855. 

firing, 136. 

for fixing boiler stays, 862. 

— — frictional, i:i6. 

(Jarrell’s threshing, 97. 

(ioodwln’s charcoal, 76. 

— — (Jraiiiine, 480, 4Hl. 

- light, 4H2. 

— — (JregiMin. Brown, and Son’s drllUiig, 851. 

Hind’s boring, h:>6. 

Holdein’s charging, 679. 

holing, 38s. 

— — liolnies' luagiiePsKdecirtc, 479. 

— — ilowanl’s moulding, 664. 

n Hiller’s Slone, 1 126. 

bj^dmullc livellng, h69. 

Kearsley’s mowing. 36. 

Lsdd's eUsrtrU',, 480. 

— — Buidell’s double brick, 182, 

inogiieto-sdeciric, 475. 

Milburn’s drying, 1082. 

milling, 859. 

Morrison’s cool-waahiiig, 361. 

moulding, 653. 

pi|M*-makiiig, 192. 

— I’lxll's, 473. 

lUgrlefTs, 480, 

rolling, s65. 

.Saiiiuelson’s Iwo-horac tnoalng, :}7. 

Machinery, animal charcoal, 68. 

Viarn, 95. 

stone working, 1116. 

sioiie-s.iwlng, Ills. 

Scott’s wlnvl-iuooldlng, 658. 

S<’ller’s aUatltig, 8{>s. 

— - soml dry brick, 1 8.5. 

SieineiiH’ dynainowh'crrir, 494. 

. 478. 
trio, 1.17. 

fOone-iawtiig, IU7. 

Siuhlia’ brick jireasing. iss. 

threshing. 95. 

tools, H47. 

Troiive's, 4H0. 

twist drill grinding, 863. 

Wallace- Fanner, 478. 

— and Siecjmi's t Imbibing. 96. 

Wilde’s electric, 479. 

Whittaker's wheel-moulding. 658. 

Mackenzie cupola, 620, 

MackliMler’s wbM, 961. 

Magnet-ifh'cmi, IH«. 

Magnetic pyrtUw, roMiing, 784. 
Maguelo-eleclric macldnrH, 475. 

— machiiu!, Breiguet’s, 137. 

- — niacuine, llolmtw’, 479. 

machine, Siemens’. 137. 

» pyrometer, 956. 

Main drain, 465. 

Ma^n^ gam 679, 

Main s pyrometer, 956. 

sutwtdlary, 465. 

Makers of pig iron, 316. 

Malleable cast lion, 337. 


Manganiferous iron, 317. 

Manhole, 1069, 1071. 

boiler, 151. 

— — flushing chamber, 1673. 

mode of entering, 1076. 

— — ventilation, 1075. 

Mann’s sleeping carriage, 1000. 

Manufacture ot gas, 672. 

of belts material and, 106. 

Manure spreader, 48. 

Marais' brick machine, Burand and, 182. 

Matron bar iron, analysis, 810. 

Iron bars, tests of, 809. 

Marsaiiit’s coal washer, 367. 

Martin’s huddle. 908. 

Martln-Slemeiis' steel, composition of, 875. 

strength of, 871. 

Masonry piers, 199. 

Massey engine, 592. 

Miit'-rial bricks, 186. 

Materials for bridges, 233. 

of brhlges. 195. 

combination of different, 896. 

compr<*!«lon, strength of, K .. 

! of constructiiiii, ntreiigth of, 870. 

- extension, strength of, 884. 

for si'wers, 1066, 1 o6k. 

- and manufacture. 105. 

i sliding, strengtii. 885. 

I strength and n-sistance, 883. 

1 torsion, strength of, H86. 

I Victoria Bridge, 241. 

1 Mather and I’latt H boring apiidrstu-., il(6 

t tubr‘s, 1154. 

1 Mattbiessen's unit, 550. 

Maxwell's plsnlmeter, 287. 

Nfaynanrs ubutmentM, 216. 

■ MclKuiald's pyromeUT 955. 

' Mcdill’s disconnect iiig hook, 275. 

; McKay's drill, s57. 

I McKeanns k drill, 975. 

McPhers»ni’s coal cut er, (Jjillowav and, :U>0. 
Meat and provision woggiuis, 10I6. 

Meclianlcal e(|ulv.‘ilont of neat, 7o9. 

I rabldes, 811. 

' —— sKjwcrs, 30. 

• tests of Iron ami sp'cl, 873. 

I work, of plough, 20. 

! Medina cement, 341, 
way bridge, 220. 

' Meiklejohii's coal cutter. Bigg and, .109. 
Meltings of cast Iron, 315. 

Melting i>otnt\ 716. 

hO-el, 664. 

i Mercury, s99, 

• dejHwll of, S99. 

unit, Siemens’, 55C, 

, Metals in casting, <-onlraction of, 629. 
i — — conductivities of, 725, 726. 

! Metallic antimony, 83. 

j casting iron on metals, 329. 

; moulds, 631. 

Meters, 901. 

Meter. 9112. 

; Asliton and .‘Florey’s steam-|>ower, T'^O. 

; — — Hannah's piston, 902. 

; — — Misire’s current, 903. 

I lUdd’s, 902. 

I water, 901. 

Microphone, Hughes', 685. 

1 MlcrtoUislmeter, 587. 

• M hid 11 . loss. 

' Miibtirn drying machine, 1082. 

' Miit s' drilling imachtne. Ferris and, 855. 

; .Mile unit, American, 550. 

— <f<>riuan, 560. 

1 Miller’s Isdler, 160. 

' Milling mitchine, .s59. 

' Mill, pug, isi. 

1 MUh. rolling. 815. 

: MilUtones, 335. 

I Mill, wash, m 
5lilroy’» excavator. 201. 

MlUiiiiore’s railway car axles, 90. 

Mines, 408. 

Mine drainage, 466. 

Mineral character of formation, 762. 

Mine ventilation, 411. 

Mining biKtks,caal, 416. 

— J Klnd-cbaudron system, 387 

sholla, 373. 

MliKvllanetius daU f**r teb'grapii tMlug, 548. 
MIyer, Boewra'a, 1138. 

Mixer pit, I13 h. 

1 Mode of etiVi'ilng manhole, lo?7 


Mode of motion, beat a, 713. 

Modelling, brosswork, 666. 

Modulns of elasticity, cocfllclent or, 878. 
Moisture in mouldy 323. 

Moments of cross girders, 453. 

Morin’s dyuamometeT, 287. 

Morrison’s coal washing machine, 361. 

Morse receiver, 658. 

Moulds, chill, 324. 

Mortar, 331, 354. 

cement, concrete, limes, and, 330. 

hydraulic, 331. 

for sewers, 1066. 

Moore’s current meter, 903. 

Motion, Crawley’s indicator, 776. 

heat a mode of, 713. 

Mottled tluys, 763. 

Mould, 184. 

Moulds, 18 L, 328. 

chill, 321. 

Hackney’s stopper, steel, 1113. 

Moulding, 630. 

bell. 671. 

clays, 031. 

I hand, 191. 

- machini', Cochrane’s ptpi;, 656. 

cores, 640. 

dry san I or green sand, 632. 

hollow, 6.36. 

latlie lied, 642. 

light, 635. 

lo.im, 634. 

machines, 653. 

machine, Ainslie’s, 192. 

bricks, 192. 

Morton’s slips, 436. 

Motor battery, 621. 

Moulding machine, Beil ington and Barbysliii 
wIkm I, 660. 

’ Clayton’s, 193. 

I Coftke and Hunter’s stone, 1124. 

Hoveard’h, 654. 

.Jol»s<tn's, C55. 

< Sander** and Williams’, 193. 

— Scott's wbe*‘l, 658. 

Whittaker’s wheel, 055. 

642, 

^ — plate, 641, 653. 

pulb y, 611. 

— sand, 634. 

sands, 630. 

— — sheave, 611. 

shell, 641. 

tools , 63.3. 

wheel, 65H. 

MoukK metnl, 631. 

moistun* In, 323. 

pijie, 613. 

SUrl, 1123. 

Mould, sugar pan, 647. 

Mound foundation, rubble, 198. 

, Moulbp^ecc^, furnace, 152. 

Mower.N 34. 

M**wer. Utiis Bnrtbers’. ,3S. 

M‘iwing m.ichme, Kearsley’s, 36. 

•Miulhole Uiiler, 151. 

Mowing machine, .Samuelsou's two-horse, 3* 
Mnflic. plough. I**. 

Multiple transmission, 536. 

Myers ’,s engine, 592. 

Nairn's whi'ci, 962. 

Navvy, steam, llo7. 

Near sea light, oondensing |wwer, «47. 

New rc'd simdstone, water in, 761. 

— Ross bridgi', 215. 

Nominal lions* p\»wer, 737. 

N on hflc'ci chimneyi. 356. 

Norwegian railway bridge, ‘261. 

; Oak underframe, 1023. 
i ilflUv vans 1013 
, Oil-gns apparatus, Hutrich’a, 1059. 

‘ Oil lubricator. BUvekburn's, 94. 

’ Bpen spray tuyere*, 801. 

. web girders, 243. 

Optical apparatus, Hopkinson’s, S38. 

I “ , aUimiiums iron, 794. 

' Orc‘, copper, 914. 

Ore-dr< •ydiig machine, Borlaa<.‘‘8, 911. 

. Ores, heal for nwUing, 7H3. 

‘ (>ie, iron, 782. 

' Oies, machines and pnicesaca employed to 
IH)6. '» 
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OrtB, precipitation, 901. 

roasting, 90l. 

spathic iron, 19S, 

suiphar in, 784. 

Ore. tin. 9<i6. 

On»erod*8 safety hook, 273. 

Ornamental castings, 329. 

Osborne’s binder and harvester, 43. 

Ottis Brothers* mower, 38. 

Otto gas engine, 600. 

Ontcrop, portion and general condition of, 765. 
Oiitridge engine, 593. 

Ovens, annealing. 326. 

Coke. 416. 

• Brownery Colliery, 416. 

— — Owen’s, ooppic wko, 422. 

Eaton’s coke, 420. 

— Gjer’8ooke.4l7. 

Goblet’s coke, 421. 

Galloway’s coke, 427. 

— — Keralng coke, 425. 

Owen’s safety cage, 270. 

Oxide oMron, 189. 

Oxiand s and Hocking's calciuer, 9 1 1. 

J^ACKING leathers, 757. 

rings, 756. 

Jhm, combination ores, 919. 

— — Horn ores, 912. 
mould, sugar, 647. 

Patton ores, 919. 

Stevenson's ores, 920. 

Paper belting, 129. 

Parian cement, 3il. 

Paris pneumatic sy&tem, 942. 

Parkers belt, 121. 

Partitions, 298. 

trussed. 299. 

Partridge’s axles and axle bi.»xos 89. 

Passenger engines. 962. 

Patent coupling, Cr<‘«4on's, 1100. 

Patterns casting, 628. 

Patton pan, 919. 

Pedestal, lantern, 834. 

Penstocks. 1078. 

Perkins* b'dler, 154. 

Permanent Joints, lu7. 

Pemot furnace, 81 1. 

IVronet’s centre, 301. 

Pet+TseD, and PouilWt’s |*yrun»t'lt'r, .S.liujj<Jl 
954. 

Petrie’s lamp, Staite and, 567. 

Pttroleum engine, Htsrk’s, 602. 

Pbelps’ telephone, 5h5. 

— printing telegraph, 561. 

Plienomenon, heat, 7U9. 

Philadelphia, Uaiers at, 169. 

Phonic wheel. [.^icuurV, 580. 

Phosphor bronze tuyere, hqo. 

Photometer jet, 687. 

Pieces^ chemical composition of ust, i 
J*lcker, lUx. 

Piers, 920, 

Mer. Brooklyn, 210 

Cl» vfldoD, 923. 

fioatiog, 926. 

Westward Ho, 920, 92.1. 


Askani Hamatiie, 7:<6. 
makers of, 316. 

Scotch, 316. 


dnvsn, 928. 

driver, 927. 

—^drivers, comparison gunpowder and i>leain 

8haw*s gunpowder, 929, 

— ~ in soft f^und, gun|M>wder, 931, 

stsam, 927. 

work ng of varh/us, 931. 

— — driving time, 930. 

— screw, 199. 

— - sheet, 306 
Pltlog, S65. 

Pillars, ooaUmiulng, 374. 

Ptnlscfa’aoll-gas at^aratmi, loss, 
agflcullatal drain, 466. 

Pipe charging, 179. 

dog. 1141. 

dojly, 1141, 

— iron for sewfk, 1067. 


) Hpe Jointing, 1067. 

joints, 1115. 

making machims, 192. 

I moulding, 642. 

moulding machine, Cochrane’s, 

; moulds, 613. 

I for sewers, If 68. 

ventilation, 1071. 

Pits, foundry, 661. 

— - gul'y catch, 1078. 

- kiln, Scht'din’s, 786. 
j Pibtons diluen^iun», 939 
j Plbtonless indicator, Kenyon’s, 781. 

! Piston metor, Hannah’s, 902. 

Pixii’s electricd machine, 475. 

Plan of a britlg**, 195. 

Piauimeter, Amsler’s polar, 287 

Maxwell’s, 287. 

— — ~ iilang’s, 2*>7. 

Planing tool holder, 861 
j Plant, boring, 982. 

’ dredging, 468. 

; Plate liatUry, Byrne’s compound, 520. 

Plates, bed, 6.38. 

, compoeitiim of Shropshire boiler, 875. 

girders 242. 

girder strains, 242. 

mou'dlng, 641. 653. 

WVlding bteel boiler, 874. 

I’latfunn, CurMere Lighth<>use, 8.32 
Platforms weight of nuidway and, 224 
Platt's lioring apfiaratua, Mather ar.d, Ilia. 

tubes, Mather and, 1151. 

Ploughs, 16. 

1)4 lance. 27. 

Plough bridle. mufRe, cock or clevis, 18. 

cleaner, H. 

drainage, 19. 

drill, I ia)th’.s .3.3. 

dynaniomi^iiT, 505. 

Ptoughmg, Cost of steam-. 971, 

Plough, mechanical work e.\{» micil, 2u. 

Ploughs, steam, 22. 

I’luugh, .•'Utiw-rland, 25. 

tnick or carriage, 1 8. 

Pneumatic system, 208. 

transniiwlon, 932. 

hammer, UmgwotthV, 7oi. 

stamp, Hu-lttri'l’s, OuT. 

system, I*aris, 9i2. 

Iransiiibiiion air, 935. 

formula*. 936. 

troll lubf^, 93.1. 

lead tulK's, 9JJ. 

stations, 934. 

typical 'Station, 9 .rt 

M-ket revolution ttalicators. 11. 

’oggendorff battery, 521. 

Njiney Viaduct foundations, 2* 0. 

.’osnts and endings, tranrwav, U 3 i. 

of explosives, firing. 6o9. 

l light, .S)Oter, 843. 
a, melting. 716. 
f’olarized reUy, Siemens’, 551. 

.’obr planimeler, Amsien', 2" 7. 

Poptes' dndger, 473. 

Portable cupola, 621. 

drills, 855. 

hydraulic crane, 7 19. 

Porters engine, Avtiiiu^arMl, 971. 

farm biComotive, Avelingand, 971. 

PortUnd cement, 341. 

— — qualify, 335. 

Position and general riitiUition of •lUtcfop, 765. 

I roizer, 1138. 

PoulUet’s pyrometer, Schmidt, Ptiers#ii, and, 
954. 

Power, brake>, 170. 

J’Uwer. distant mea light, r.imP miing, h|9, 

— — electric transmiasiot) of, 589. 

— - hammer, 687. 

IbvyX 700, 705. 

, borne, 737. 

I — Indicated briiwe-, 737. 

mew^r, Aafaum ami Hiorey’s steam*, 7«4l. 

\ near sea light, coi denaUig, 847. 

I , nominal iionie, 737. 
j Powers of surfaces, radbUog, 723. 

towing, 293. 

• Precipitation, ore, 901. 

I’niece’s UMrUiod, iransmiwti'm, 524. 

; r*reservatkin and care of beita, l«7, 

Preaw.brk*k, 167. 

Prr Ml, cumpottiid, 752. 


Press cotton, 754. 

horizontal, 752. 

1 ’reuses, hydraulic, 450, 751, 

Presaing machine, 186. 

Press and steam engine, 868. 

Prttture intensifying apjraratus, 753. 

I*rimary rocks, wutor in, 761. 

, Primrose's hammer, Davis and, 692. 
j Prln's, cures and core, 646. 

Print* r, Hughes' type*, 559. 

I’rinting, telegraph, i’helps', 561. 

Prisms, aziinuthal-condeuhlng, 841. 

bolopliotal totally ivhccting, 840. 

Process, Blair’s, 818. 

ProceaM‘S employed to dress ores, niadiincs and, 
I 906. 

; Producer, fuel, gas, m20. 

Products of aiiubUAtiori, heat, 735. 

J PnifM'ller kuife huddle, 909. 

' Proportions of chimneys, :i62. 

[ Protector, Walker’s rvaggon sliwt, 1032. 

' Provision waggniw, meat and, 1016. 

I ihiddlliig, 806. 

furnace, t‘ram[»ton’s, HI.1. 

Pug-mill, l8l. 

, I’lilley fur belts. Shiner s, 127. 

I’ulleys, cone, 113. 

Pulley fur line shafting, lOO.'l. 

moulding, 641, 

sh ifb* tUid, 411. 

Staiu k's guiding, 780. 

i’ullinan uirs. lo<)8. 

— mlerior of, 1012. 

Piilsonieter, Hall's, U47. 

Pulceris#*r, Idmrey's, 91.3. 

Jordan’s, 916. 

Uyerson’s. 917. 

Pulverizing luirrow, Itandairs, 31. 

Pump, 913. 

universivl oteam, 945, 

- ■ Walk*r's 915. 

lUak* , 943 

Hayward, lylir. and t’u.’o sieam, 9 

liiiray'.'' helu al, 95(i. 

K( nn.ini h «,ind, 203. 

Kennie’s W'« lb, 951. 

shell, 1148 , 

steam, 945. 

Pure iron, sUh. 

Purifiers, gas, 0'<2. 

Pyrin 8, 429, 431. 

iron, l*‘9. 

roazting niagneiic, 7 hi. 

I’yronietor, 953, 

— - flftl ley's, 955, 

(br*ateUi's. 95 

Gauntli'U’'*, 95t. 

Mai*‘r*N 955. 

.Main’s, 956 

MclS'Uald's, 9,55. 

S hmldt, IVtf-rsen. and PtmiileVs, 954. 

— - Htolnle anil HartungV, 955. 

T reimwchim and l-ion’s, IT" 

Wfdgwouerii, 954. 

Wilikui's, 956. 

(^r ADKAN r rieciroineier, Thomson h, 5:)2. 
(^adruplex b b-grapiis, .Smith’s, 635. 

I I* legraphy. 634. 

— — I'xUstin’s, 534. 
tonality of ca*)l iron, 315. 

— i'ortldtid o*meiii, 3:i5. 


.HaMBKES, mecbanicalf 611. 

, Back, slime. 912. 

I PuuliaUng (Mwers of surfimeff 723. 

I Itails, bridge. 407. 

I on chairs, U30. 

i tram, 1134 , 

i C4>tumti, Barlow’s, 921. 

- on ooncri'te foundation, 1131. 
1 on continuoui bearing^ 1131. 

I lUiltngi, witmghUiron, 329. 

! Hailway bridges, 223. 

j brslge, Norwegian, ’i61. 

I siraiita, 249 . 

car axle, fHxmr’s, 90. 

— Miltiniore'ii, 99. 
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iUUway ctirrlaKeft. lighting, 1U5M. 

wbeelg, chilled coHt-irou, 325. 

Rainfall, 1062. 

Rak«, Kollini* AmerloAii, 47. 

Kamsey and Flnlier'ii detaching hook, 277. 
Randall'i pulverizing harrow, 34. 

IUnsome’8 emery wheels, 864. 

Rapleff electric lamp. 577. 

— lamp, 571. 

machine, 480. 

Ravi bridge, 201. 

Rfwpera, 34. 

Heaping and I'huUng machine. Wood's, 40. 
Re»DumiQg kiln, 7o. 

Receiver, pneumatic, 9:i3. 

Morse, 558. 

Kecord<<r, Thomson Siphon, 5.5.3. 

train speed, 6. 

Red aluminous ore, 704. 

— Imnatite, 798. 

• sandstone, water in new, 761. 

Reflecting prisms, Holophotal totally, 840. 
Refracto^ liningK converters, 1109. 
Hefrig(‘ratUig waggon, Tallerman, (Pruning, an 
Ilawnay's, 1019. 

Refrigeraior car, 1007. 

— — Knott's, lois. 

Regray's thlni>clasH carriage, 991. 

Regulators, 17. 
licid's meter, 902. 

Reis's telephone, 579. 

R«.>lays, 5.53. 

Relay, Allen and Brown’s, 555. 

— — American, 551. 

— — Siemens' and Ualske's, 55.3. 

— — Siemens' |xilari»Hi, 554. 

Rennie's wells and |tuinps, 951. 

Rept^ster, Vtanisi's automaiU-, 531. 
it*-placlng amverier lining. 1110. 

Rei«Utatice, dynamical or living, e96 
and elongation, mho. 

— insulation. 546. 

of materials, hh3. 

Retorts, 674. 

It -wer’s, 673. 

charger, Best and Holden's, 678, 

West's, 677, 

— — aM)lers, an«l aa*ei»irlea 74. 

Denton's, sO. 

Henderson's steam, 676. 

r»*volvlng. 7H. 

IU‘verl>.‘raU*ry fnrmire, 626. 

Reversing gear, Ht'dil's, «15, h17, 

hydraulic, 743. 

Revolution oouiiUts, 4. 

Revolving cuiU'rs, holder for, 1127. 

hammer, .Stacy's, 7o7. 

lU<ynier's lamp, 574. 

KWne foundations, 198. 

Rib, hor^o-iilaN*, 2*J9. 

— — fttmii>elllpilc, 228. 

Ribs, slraliiM on arched, 227. 

Ricliardsand Atkinson's bracket, IIO'J. 

iathe, 150. 

—— coupling, 1 101. 

indicator, 778. 

aiHl London’s coupling, lioi. 

Riders’ hoi»halr engine, 599. 

Kidger or horse 1 »ch\ 30. 

Rigby hammer, 691. 

Rlgg and Mi'lkleJ<»hu’s o»»al cutter. 399. 
Riviere’s tt»al waaher, 365. 

Hirner, Well, H4l. 

Kings, triinuion. IIU. 

- — pat'king, 756. 

Riveting imu^ne, liydraniic, 869. 

Rivet iron, ctim|)o»lttott of, h75. 

— — * sitHjl, oora|)Osition of, h75. 

Roals, concrvio, 339. 

Road locomotive. 957. 

roller, tioUerst, 9T0. 

Aveliiig’s, 969. 

and platforms, weight of, 

*^lway bridge, 220, 

Trent bridge, 237. 

lUtAsilng orw, 430. 

magnetic pyrites, 784. 

on*, 901. 

~ — ores, beat for, 783. 

Hock>blasUiig, I4j. 

■ — compact, blaaUng, 142, 

~ Wasting, 145 

^ ^’Barlow's 973. 

9 Burleigh, 974. 


Hock drill, Darlington, 976. 

— — . l>uboh>>Francois, 97.3. 

ingeraol, 976. 

Jordan, 971. 

Kainotomon, 976. 

McKean, 976. 

Sach, 976. 

Schram, 977. 

— Weaver's, 971. 

Rocks, stratified, blasting, 144. 

water In primary, 761. 

Rods, boring. 1140. 

lightning, 356. 

top, 1140. 

, Rolled Iron, sliafting of cold, 1093. 
Roller, Aveling's road, 969. 

chilled, 322. 

(icllerat’s road, 970. 

• > steam, 969. 

1 Rollins' American rake, 47. 

, Rolling machines, 865. 

mills, 816. 

; — • stock, 984. 

— American, 103. 

> Roots* blower, 615. 

; — — boiler, 158. 

! Root cutters, 102. 
i Ropes. 409. 

i broken, 270. 

I Rotary dynamometer, 612. 

I horse power, 511. 

; engines, trials of, 593, 694. 

band dynamometer, 509. 

i Round belts, 126. 

: Rubber belto. 12 h. 

• Rubble, mound fuundatiiin, 198. 
Rule, the slide, 12. 

Running of belts, 110. 

Rupture tninilnent by flexure, 892. 
' Ryerson's pulveriser, 917. 


; S veil's n*c,k drill, 976. 

! Safety cage.t, 269. 

' cage, Brosdhent’s, 271. 

Oallow s, 271. 

' — iM nton and WhlUaker's, 272. 

King's, 271. 

( >wen's. 270. 

While and t* rant’s, 272. 

— — — - Whltelaw’s, 272. 

fuH4*, 133. 

grip. King’s, 273. 

loM^ks, 27.3. 

lluiitH of, 8''6. 

Saint l>jui!> Bridge. 263. 

.Saloon and slei'ptng carriage, 995, 1003. 

f cumjioMte, 1005, 

Salt in bricks, 189. 

Samoeljsm’H mowing imu'hine, 37. 

S.inders and Williams' moulding machine, 
193. 

.Sand imiulding, 6:14. 

dry t,aiid or green, 632, 

Sands for m julding, 630. 

S.iiKl-pu(np, Keniiard’s, 203. 

, Sandstone, waU»r In new red, 761. 

, Sang's, planimeter, 287. 

; .Sanitary engine<*rmg. I(♦6l. 

; — — IxHiks on, 1090. 

‘ Saw, (km raili’s stone, 1119. 

• (HaisU'r’ff stone, 1121. 

Sawing machinery, stone, 1 1 17, 1 1 18. 
i Sswyer<Man burner, 577. 

{ Schi'din’s pit kill), 786. 

I .ScMde's fan, 611. 

: Schmidt. IHbrsen, and Fouillet pyrometer, 
j 954. 

j Schneider's steam hammer. 697. 

] Schram air compreasor, 65. 

i gadding car, 980. 

! rock drill, 977. 

— • iitone cutter, 1129. 

Scutch pU iron, 316. 

Siott’s lift, 438 

— ■ wheel moulding machine, 658. 

Scrap Iron, 315. 

Scraicher, 1139. 

Screw>cnUing and turning lathe, 849. 
lift, 438. 

• pan, 20i, 

- pllfw, 199. 

Sea light, oomleiiaing power, dhOant, 846. 

— near, 87. 

Siwionlnf timber, 627. 


Second •class carriage, 987. 

Sectional floating dock, 465. 

Self'feeder, Head's, 98. 

Self-sustaining crane, automatic, 822. 

Seller's double cone coupling, 1099. 

— - Blotting machine, 858. 

Semi-dry brick macbloea, 185. 

Semi-elliptic rib, 228. 

Seroinff coke ovens, 425. 

Serrin^ lamp, 569. 

Severn bridges, 230. 

Sewers, 1062. 

area of, 1004. 

brick, 1066, 1071. 

j - concrete for, 1068. 

- discharge of; 1063. 

—— of egg-shaped, 1065. 

egg-shaped, 1064. 

fall for cylindrical, 1066. 

flushing, 1077. 

formula for, 1066. 

! gas, 1080. 

i iron pipes for, 1067. 

i materials for, 1066, 1068. 

j mortar for, 1066. 

i pipes for, 1066. 

! ventilating grate, 1072. 

1 ventilation of, 1079. 

J Sliafts, 31 1. 

1 chiinuey, 319. 

j c^>al mining, 381. 

j couplings, 1096, 1097. 

1 — Chariton’s, 1100. 

fitting, 1091. 

‘ flexible, 1107. 

’ furnace, 353. 

, hangers for, 1 101. 

i line, 1091. 

i mining, 372. 

— — and pulleys, 111. 

I and blufl fittings, 1091, 

timbering, 312. 

walling, 379. 

mining, 369. 

; weights of, 1092. 

Shafting of cold ndled iron, 1093. 

pulleys for line, lo95. 

' Shaping, maebiue, brick, 187. 

, Shaw’s guiii>owder pile-driver, 929. 

Shearing, holing and, 3d7. 

; vShoatbiug, iron. 539. 

> Sheave moulding, 641. 

Sheer frame, boring, 1143. 

Sheet piles, 306. 

protector, Wiiggun, 1032. 

Shell moulding, 641. 

pump, 114K. 

. Sbepperd’s coal w'adiing nwhine, 361. 
Shinn’s pulley for belts, 127. 

Ship, weight of, 450. 

; ShoH’s atm<v»pi)cric hammer, 700. 

Shoe, Aveiing and rireig’s, 959. 

Thomson’s, 959. 

j Shoring, 30.3. 

' and strutting, 310. 

Shropshire boiler plate, composition of. 875. 
Siemens’ dynamo-electric machine, 484, 

and Halske's michine, 478. 

and Habke Relay, 553. 

. Limp, AUeneck. 568 

— magnelo-eleoiric machine, 137. 

mercury unit, 550. 

[>ol.irir.al relay, 554. 

' Signal, fog, 836. 

Silica. Ih9. 

Silicon In iron, 318. 

i SimiMon s c>ml-brcaker. Head and, 404. 

; — coal-c\)tteT, Heatl and, 392. 

« Simultaneous transmission, 52'i. 

’ — E^dlson’s, 529. 

— , Steam's, 622. 

Singie-decked wrought-iron cage, 267. 

— — and double belt^ 1 19, 
j Sinking, 377, 384,386. 

j blasting in well-, 1136. 

I and boring, well, 1134. 

* by underpinning, well-, 1134. 
i Siphon recorder, Tbrnnson, 553. 

1 Six-cylinder engine, West's. 596. 

; Sise of boiler, 162. 

1 . boilers, 149. 

-headings, 1137. 

Skew bridfK! in embankment ^aii. 
i Stag friKn Askam fhmsce, 

basic, 1109. 

bricks. 187. 
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Wire* indiambber* 639. 

— iron, 640. 

te^ 644. 

Wooden dmm curb, 1135. 
gates, 460. 

Wood's reaping and binding macbine, 40. 
Woodward's cupola, 631. 

Woolf boUer, 153. 

Woolwich Arsenal hammer, 694. 

Work, bronse, 670. 

Working macl^ery, stone, 1116. 


Working of various pile drivers, 931. 

Work, mechanical, of plough, 20. 

Worm auger, 1139. 

Writing telegraph, Gowper*s, 565. 
Wrlghtson's blast Aimace waggon drop, 804. 
Wrought* and cast-iron window frames, 329. 
— iron arches, 340. 

bridges, 240. 

- cages, 267. 

- columns, 250. 

— — columns, Dowson’s, 921. 


Wrought and cast-iron column, Wilson's, 921. 
-gates, 461. 

railings, 329. 

tubes, 1141, 1144. 


lELD of well, incresaing, 1136. 
York cast-iron arch bridge, 234. 
Yorkshire iron, composition of, 8«6. 
«... strength of, 871. 
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